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CHAPTER  xn. 

OF  THE  MAOKLLANIC  FUNJ). 

Section  1.  John  Hyacinth  de  Magellan,  in  London,  having  in  the  year 
1780  offered  to  tlie  Society,  as  a  donation,  the  sum  of  two  hundred  guineas, 
to  be  by  them  vested  in  a  secure  and  permanent  ftmd,  to  the  end  that  the 
interest  arising  therefrom  sliould  be  annually  dis|)Osed  of  in  premiums,  to 
be  adjudged  by  them  to  the  author  of  the  l)est  discovery,  or  most  useful  in- 
vention, relating  to  Navigation,  Astnmomy.  or  Natural  Philosophy  (more 
natural  liistory  only  excepted) ;  and  the  S(x*iety  having  accepted  of  the 
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Vol.  XIX.  MARCH  to  DECEMBER,  1880.  No.  107. 


Stated  Meeting,  March  19, 1880. 

Present,  8  members. 

Visitor,  Mr  Hampton  L.  Carson  of  Philadelphia. 

Letters  of  envoy  were  received  from  the  Central  Physical 
Observatory  at  St.  Petersburg,  January,  1880;  from  the 
Royal  Observatory  at  Greenwich,  February,  1880,  and  from 
the  Meteorological  Society  in  London,  February,  1880. 

Donations  for  the  Library  were  reported  as  received  from 
the  Asiatic Soc,  Yokohama;  Russian  Academy  ;  Botanische 
Central-blatt,  Leipsig;  Deutsche  Rundshau  fiir  Geog.  u. 
Stat.,  Munich ;  Belgian  Academy ;  Geographical  Societies  at 
Paris  and  Bordeaux;  the  Revue  Politique;  Revista  Eus- 
kara,  Pamplona;  British  Association;  Society  of  Anti- 
quaries ;  Meteorological  Council  of  the  Royal  Society,  Lon- 
don; Ifatural  History  Society,  Montreal ;  Museum  of  Comp. 
Zool.  Cambridge,  Mass.;  Franklin  Institute,  Medical  Xews, 
Dr.  Alfred  8till6,  Dr.  C.  P:  Krauth,  and  Mr.  Henry  Phillips, 
Jr.  of  Philadelphia;  Smithsonian   Institution;  Bureau  of 
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Educal^airv Engineer  Department,  Washington;  Ministerio 
de  Foltt'^hto,  Mexico ;  and  Prof.  S.  S.  Haldeman. 

.pon&.tion  for  the  Cabinet. — Mr.  Hampton  L.  Carson  pre- 
sented, on  the  part  of  his  sisters  and  himself,  in  fulfillment 
/Q^f*his  father's  wishes,  to  the  cabinet  of  the  Society,  a  portrait 
://.W  oils  of  M.  Frangois  Andr6  Michaux,  the  botanist,  who  died 
..../at  Paris,  October  23d,  1855,  setat  85. 

Mr.  Fraley  returned  the  thanks  of  the  Society  for  so  inter- 
esting and  valuable  a  relic  of  our  distinguished  fellow-mem- 
ber, who  exhibited  in  his  lifetime  so  great  an  attachment  for 
the  Society,  and  in  his  will  such  confidence  in  the  honor  of 
its  traditions  as  to  make  it  the  trustee  of  a  fund  which  he 
bequeathed  for  Silviculture  in  America. 

Mr.  E.  K.  Price  also  described  the  amicable  relations 
which  existed  between  M.  Michaux  and  the  Society,  claim- 
ing the  privilege  of  doing  so  on  the  ground  that  the  Society 
had  conferred  on  him  the  duty  of  carrying  out  the  designs 
of  M.  Michaux  according  to  the  plan  adopted  by  the  Com- 
mittee and  approved  by  the  Society,  and  sketched  the  princi- 
pal features  of  that  plan — the  planting  of  the  Michaux 
grove — and  the  organization  of  Prof.  Rothrock's  annual 
course  of  public  lectures  in  the  Park. 

It  was  then  on  motion 

Resolvedj  That  the  thanks  of  the  Society  be  presented  to  Mr.  Hampton 
L.  Carson  and  his  sisters  for  their  gifl  of  the  portrait  of  M.  F.  A.  Michaux 
whose  liberal  bequest  to  the  Society  is  now  so  beneficially  available  for  the 
promotion  of  Silviculture  and  Botany. 

Resolved,  That  the  Society  appreciates  the  gift  more  highly  because  it 
has  been  made  in  compliance  with  the  wish  of  the  late  Dr.  Joseph  Carson, 
one  of  its  devoted  and  useful  members,  whose  memory  is  endeared  to  his 
associates  by  many  recollections  of  his  worth  and  virtues. 

Resolvedf  That  a  copy  of  these  resolutions  be  transmitted  to  Mr.  Carson. 

The  death  of  Dr.  "William  Theodore  Roepper,  at  his  resi- 
dence in  Bethlehem,  Pa.,  on  Wednesday,  March  10th,  at  the 
age  of  70,  was  announced  by  Mr.  Lesley. 

On  motion,  Dr.  F.  A.  Genth  was  appointed  to  prepare  an 
obituary  notice  of  the  deceased. 

The  death  of  General  Hector  Tyndale,  at  his  residence  in 
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Clinton  street,  Philadelphia,  on  Friday,  March  19th  (3  a.  m.), 
at  the  age  of  58,  was  announced  by  Mr.  J.  S.  Price. 

A  communication  was  received  entitled  "  Nodal  estimate 
of  the  velocity  of  Light,"  by  P.  E.  Chase. 

Mr.  Phillips  read  a  paper  describing  two  very  old  and 
curious  maps  of  North  and  South  America. 

Dr.  Greene  communicated  a  paper  "  On  the  action  of 
hydrochloric  acid  and  chlorine  on  acetobenzoic  anhydride," 
by  Wm.  H.  Greene,  M.D. 

Pending  nominations  Nos.  893  to  901,  and  new  nomina- 
tions Nos.  902  to  908,  were  read.  . 

The  publication  of  the  proceedings  at  the  late  celebration 
of  the  Centennial  Anniversary  of  the  Incorporation  of  the 
Society  was  then  discussed. 

The  Committee  on  the  Michaux  Legacy  reported  through 
its  chairman,  Mr.  E.  K.  Price : 

"That  the  appropriation  made  last  year  was  applied  to  defray  the  ex- 
penses of  fourteen  lectures  in  the  .Horticultural  Hall,  Fairmount  Park,  by 
Dr.  Rothrock.  It  was  attended  by  more  than  previous  members,  varying 
from  one  to  two  hundred  persons.  Teachers  in  the  public  schools  numer- 
ously availed  themselves  of  this  valuable  opportunity  of  studying  Botany. 

"Dr.  Rothrock  feels  it  important  to  spend  the  later  summer  and  autumn 
in  Germany,  in  the  pursuit  of  his  studies.  His  course  this  year  will  be 
seven  lectures,  for  which  an  appropriation  is  respectfully  asked." 

On  motion  an  appropriation  of  one  hundred  and  seventy 
dollars  was  made,  from  the  income  of  the  Michaux  fund,  for 
defraying  the  expenses  of  the  seven  lectures  of  Prof.  Roth- 
rock, and  advertising  the  same.  On  motion  of  Mr.  Price  it 
was 

Resolved,  That  one  hundred  dollars  ($100)  be  appropriated  out  of  the 
income  of  the  Michaux  fund,  for  a  copy  of  the  Michaux  portrait,  and  frame, 
to  be  presented  to  the  Park  Commissioners,  to  be  put  in  the  Horticultural 
Hall,  standing  in  the  Michaux  grove,  where  our  Michaux  lectures  are  de- 
livered by  Dr.  Rothrock  ;  and  the  Michaux  Committee  attend  to  the  sub- 
ject. 

An  appropriation  of  forty  dollars  ($40)  was,  on  motion, 
made  to  defray  the  expense  of  an  illustration  for  Mr.  Ash- 
burner's  paper  on  Oil  Sands  in  the  printed  Proceedings. 

Mr.  Fraley  then  stated  that  as  the  Society  had  left  it  with 
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hira  to  appoint  delegates  to  Boston,  he  requested  the  Secre- 
taries to  send  information  to  each  of  the  Board  of  Officers 
and  to  Dr.  R.  E.  Roscers  and  to  Mr.  Wm.  A.  Ingham  that  he 
nominated  them  as  delegates  to  represent  this  Society  and 
assist  on  the  26th  of  May  at  the  Centennial  Celebration  of 
the  American  Academy  of  Arts  and  Sciences  in  Boston. 
The  meeting  was  then  adjourned. 


Astronomical  Approximations,  IV.  Nodal  Estimation  of  the  Velocity  of 
LigJU.  By  Pliny  Earle  Chase^  LL.D.,  Professor  of  Philosophy  in 
Haverford  College. 

{Read  before  the  American  Philosophical  Society,  March  19,  1880.) 

The  accuracy  of  my  approximation  to  the  apparent  semi-cUameter  of  the 
Sun*  is  confirmed  by  the  following  kinetic  considerations,  some  of  which, 
though  seemingly  of  great  fundamental  importance  and  character,  have 
been  generally  overlooked. 

1.  Matter  has  been  usually  regarded  as  composed  of  discrete  particles. 
This  hypothesis  enters  even  into  the  kinetic  tlieory  of  gases.  If  it  is 
true,  all  force  must  be  transmitted  from  particle  to  particle  and  time  must, 
therefore,  be  required  to  overcome  the  inertia  of  masses. 

2.  Attraction  and  repulsion  have  been  generally  considered  under  the 
influence  of  central  forces,  varying  inversely  as  the  squares  of  the  distances 
from  the  centres  and,  therefore,  producing  motions  with  variable  velocity. 

3.  Waves,  orbital  undulations,  and  other  cyclical  motions,  are  generally 
propagated  with  uniform  or  nearly  uniform  velocity,  although  they  are 
often  accompanied  by  subordinate  movements  with  varying  velocity. 
Variable  velocities  are  often  converted  into  uniform  or  nearly  uniform 
velocities,  as  in  the  case  of  conical  pendulums,  planetary  rotations  and 
orbital  revolutions. 

4.  In  all  undulations,  and  in  all  cyclical  motions  through  an  undulating 
medium,  there  are  tendencies  to  synchronism.  The  synchronism  may  be 
complete,  producing  equal  cyclical  motions  in  equal  cyclical  times ;  or 
nodal,  producing  harmonic  series  of  cyclical  motions  which  are  completed 
in  equal  times. 

5.  Newton  showed  that  if  a  centripetal  force  varies  as  the  distance  of  a 
body  from  the  centre,  all  bodies,  revolving  in  an}'  planes  whatsoever,  will 
describe  ellipses  and  complete  their  revolutions  in  equal  times ;  f  that 
bodies  which  move  in  right  lines,  running  backwards  and  forwards  alter- 
nately, will  complete  their  several  periods  of  going  and  returning  in  the 
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same  times ;  ♦  and  that  if  a  fluid  be  composed  of  particles  mutually  repelling 
each  other,  and  if  the  density  varies  as  the  compression,  the  centrifugal 
forces  of  the  particles  will  be  reciprocally  proportional  to  the  distances  of 
their  centres,f  as  if  indicating  a  reaction  against  a  force  which  varies  as  the 
distance  from  the  centre.  The  centripetal  force  is  partially  illustrated  by 
the  rotation  of  planetary  bodies ;  the  centrifugal,  by  the  varying  pressure 
of  elastic  atmospheres. 

6.  Such  centripetal  force  as  is  above  supposed,  requires,  for  its  complete 
manifestation,  an  omnipresence  of  activity,  which  is  devoid  of  inertia,  of 
ponderability,  and  of  all  other  ordinary  tests  of  material  nature  ;  an  activity 
which  may,  |>erhaps,  properly  be  regarded  as  spiritual. 

7.  Laplace  found  himself  obliged  to  recognize  an  activity  in  gravitation, 
which  is  propagated  with  at  least  100,000,000  times  the  velocity  of  light.  J 
This  activity,  he  says,  may  be  properly  regarded  as  instantaneous.  If  it  is 
spiritual,  it  may  without  difficulty  be  regarded  as  absolutely  instantaneous 
throughout  the  universe.  If  it  is  material,  it  is  difficult  to  conceive  of  any 
relation  of  elasticity  to  density  which  would  be  so  great  as  10,000,000,000,- 
000,000  times  that  of  the  supposed  luminiferous  aitber.  Yet  such  are  the 
requirements  of  the  Newtonian  law,  that  "the  velocities  of  pulses  propa- 
gated in  an  elastic  fluid  are  in  a  ratio  compounded  of  thesubduplicatc  ratio 
of  the  elastic  force  directly,  and  the  subduplicate  ratio  of  the  density  in- 
versely.'* §  The  importance  of  this  law  has  been  shown  by  the  investiga- 
tions of  Graham,  by  the  inquiries  of  English  and  German  physicists  into  the 
relations  between  electromagnetic  and  luminous  velocities,  and  by  my  own 
correlations  of  the  force  of  solar  rotation  with  the  forces  of  light,  gravi- 
tation and  chemical  attraction. 

8.  In  any  elastic  or  quasi-elastic  medium,  "if  the  distances  be  taken  in 
harmonic  [or  arithmetical]  progression,  the  densities  of  the  medium  at 
those  distances  will  be  in  a  geometrical  progression."  |  I  use  the  term 
"quasi-elastic,"  in  order  to  meet  the  views  of  Faraday.  Preston  T  and 
others,  who  prefer  to  treat  all  kinetic  questions  in  accordance  with  lines  of 
force. 

9.  The  distances  of  projection,  under  uniform  resistance,  are  proportion- 
ed to  the  living  forces  of  projection,  and  inversely  as  the  density  of  the  re- 
sisting medium. 

*  Principia,  B.  I,  Prop.  47. 

t  lb.  B.  II,  Prop.  23. 

JMec.  Cel.,  X,vl!,  22. 

{Prlnclpla.  B.  II,  P.48. 

I  lb.,  B.  II,  P.  22. 

tP.  Mag.,  June,  Sept.,  1877.    Preston  does  not  give  Maxwell's  demonstration 

of  the  ratio  -%/— t  and  neither  he  nor  Maxwell  seems  to  have  been  aware  that  I 


"VT- 


^had  nsed  the  same  ratio  of  vis  vivn  Ave  years  previously,  in  discussing  results  of 
gaseous  energy  (Proc.  Am.  Phil.  Soc.  Feb.  16,  1872,  vol.  xU,  p.  394,  foot-note).  I 
showed  that  In  the  explosion  of  gases,  the  secondary  centre  of  oscillation,  on 

the  return  towards  the  centre,  is  at  l-r^ ^  ot  ".g     ™  "iT  )  ®'  ^^*  extrw 

excursion. 
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10.  In  most,  if  not  in  all,  physical  investigations  which  introduce  con- 
siderations of  central  force,  velocity  may  be  treated  as  a  function  of  radius, 

time  and  mass. 

v^  F{r,  t,m). 

In  undertaking  to  investigate  successive  conversions  of  spiritual,  undu- 
latory,  and  centripetal  or  centrifugal  energy,  astronomical  phenomena  fur- 
nish the  most  abundant,  extensive,  and  varied  opportunities  for  observa- 
tion and  illustration.  Unfortunately,  there  is  so  much  uncertainty  in  re- 
gard to  the  dimensions  and  densities  of  the  principal  heavenly  bodies,  that 
we  can  point  to  few  results  which  are  so  precise  as  would  be  desirable. 
There  are,  however,  some  important  indications  of  the  operation  of  the 
foregoing  laws,  which  are  confirmed  by  terrestrial  phenomena  that  are 
capable  of  very  accurate  measurement. 

In  Searle's  Outlines  of  Astronomy,  page  403,  the  following  figures  are 
quoted  fVom  the  Annalsn  der  Sternwarte  in  Leiden,  on  the  authority  of 
Kaiser.  ''The  apparent  diameter  of  Mercury,  at  a  distance  equal  to  the 
semi-axis  major  of  Earth's  orbit,  ranges,  according  to  different  observers, 
fi-om  5".2  to  6".9  ;  that  of  Venus  from  16".6  to  17".9  ;  the  apparent  equa- 
torial diameter  of  Mars  from  9".6  to  9".2  ;  its  apparent  polar  diameter  from 
9" A  to  9".2.  Similar  disagreements  appear  in  dififerent  estimates  of  the 
apparent  diameters  of  Jupiter,  Saturn,  Uranus,  and  Neptune,  at  a  distance 
for  each  planet  equal  to  the  semi-axis  major  of  its  orbit.  Thus  the  equa- 
torial diameter  of  Jupiter  ranges  from  39".5  to  37'M  ;  its  polar  diameter 
from  37".9  to  35'M  ;  the  equatorial  diameter  of  Saturn  from  18".5  to  16".9  ; 
its  polar  diameter  from  16".8  to  15'M  ;  the  diameter  of  Uranus  from  2".9 
to  3''.6  ;  that  of  Neptune  from  2".5  to  4" A.'* 

Kaiser  adopts,  as  most  probable  values  for  the  ratios  of  the  several  diame- 
ters to  Earth's  diameter,  figures  which  I  have  increased  by  one  per  cent., 
in  order  to  adapt  them  to  more  recent  estimates  of  Sun's  distance.  These 
increased  figures  are  given  under  r(I),  in  the  following  table.  Under  r(II) 
and  in  the  subsequent  columns,  I  give  theoretical  values  which  illustrate 
simple  harmonic  deductions  from  the  above  general  function  of  velocity. 


1 

Mass-de- 
nominator. 

r(I). 

»"(II). 

P' 

0- 

d. 

1. 

Mercury, 

4665751 

.34 

.36 

.387 

pi 

—    .53 

1.484 

2. 

Venus, 

427240 

.97 

.98 

.723 

pi 

—    .81 

.822 

3. 

Earth, 

330985 

1.00 

1.00 

1.000 

1.00 

1.000 

4. 

Mars, 

3093500 

.53 

.63 

1.524 

ip 

—    .38 

.719 

5. 

Jupiter, 

1047.88 

11.04 

11.02 

5.203 

ip 

—  2.60 

.236 

6. 

Saturn, 

3501.6 

9.10 

9.20 

9.539 

P  "^ 

pi  =  1.12 

.121 

7. 

Uranus, 

22600 

3.60 

3.60 

19.184 

P  -^ 

t     —  1.13 

.314 

8. 

Neptune, 

19380 

5.80 

5.84 

30.034 

.50 

.086 

9. 

Sun, 

1 

109.11 

109.05 

27.83 

.255 

The  value  which  I  have  assumed  for  Earth's  mass  is  the  one  which  I 
have  deduced  from  velocities  of  rotation  and  revolution  and  Struve's  con- 
stant of  aberration.    The  other  mass-denominators  are  the  ones  which  are 
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uow  generally  adopted  by  astronomers.  The  semi-axes  major  are  repre- 
sented by.^;  the  superficial  equatorial  acreleration  of  gravity,  by  g;  the 
density,  by  J ;  Earth's  values  being  assumed  as  the  units.  In  the  expres- 
nons  for  g  of  Saturn  and  Uranus,  p^  =  8.539  ;  t  =  16.9823  ;  ^,  being  the 
mean  distance  between  the  centre  of  the  belt  of  greatest  condensation 
(Earth)  and  the  primitive  centre  of  rotary  inertia  (Saturn);  ^  being  the 
ratio  between  the  time  of  Earth's  rotation  (a  sidereal  day)  and  the  limiting 

time  of  satellite-revolution  |  2^'J—,  at  Earth's  equatorial  surface  1.    It  is 

impossible,  at  present,  to  assign  any  more  probable  values  for  the  planetary 
radii  than  those  which  I  have  given  under  r(II).  From  those  values  and 
the  masses,  g  and  d  are  readily  found  by  the  proportionalities,  <J  oc  m-i-r'; 
goc  w  -r-  r*.  The  relations  of  ^  lo  simple  functions  of  the  semi -axis  major 
would  be  very  striking,  even  if  they  were  only  approximately  true. 
Although  we  cannot  ascertain  whether  the  relations  are  exact  or  not,  the 
following  considerations  seem  to  increase  the  probability  that  they  are  cor- 
rect indications  of  normal  harmonic  modifications  of  gravitating  force  by 
distance  and  time. 

In  comparing  the  gravitating  force  at  the  principal  centres  of  early  nebu- 
lar activity,  we  may,  then,  acknowledge  a  strong  probability  : 

1.  That  the  force  at  the  centre  of  reciprocity  (Neptune),  is  one  half  as 
great  as  at  the  centre  of  the  belt  of  greatest  density  (Earth). 

2.  That  the  force  at  the  centre  of  rotary  inertia  (Saturn),  is  to  the  force 
at  the  centre  of  density,  as  the  rotary  centripetal  force  at  Sun,  is  to  the  ro- 
tary centripetal  force  at  Earth,  the  rotating  tendencies  being  referred  to 
Saturn  as  a  centre. 

3.  That  the  force  at  the  centre  of  nebulosity  (Jupiter),  is  to  the  force  at 
the  centre  of  densit}',  as  the  combined  influence  of  the  gravitating  force  at 
the  centre  of  reciprocity  and  the  rotary  centripetal  force  at  Jupiter,  is  to 
the  combined  influence  of  the  corresponding  forces  at  Earth. 

4.  That  the  force  at  the  centre  of  nucleation  (Sun),  is  equal  to  the 
velocity  of  light,  divided  by  the  time  of  a  half- rotation  ;  the  half- rotation 
indicating  the  alternate  oscillation  of  equatorial  particles,  from  and  towards 
the  centre  of  gravity  of  Sun  and  Jupiter. 

In  extending  the  comparison  to  the  subordinate  centres  within  the  belt 
of  greatest  condensation,  we  find  a  like  probability ; 

5.  That  the  force  at  Mars  is  to  the  force  at  the  centre  of  density,  as  the 
combined  force  of  gravitating  vis  viva  at  the  centre  of  reciprocity  and 
rotary  centripetal  force  at  Mars,  is  to  the  corresponding  combined  in- 
fluences at  Earth. 

6.  That  the  force  at  each  of  the  inferior  planets  (Venus  and  Mercury),  is 
represented  by  the  ratio  of  projectile  living  forces  to  times  of  revolution. 

Leaving  the  outer  and  somewhat  doubtful  territory,  and  entering  upon 
surer  ground,  let  us  consider  some  of  the  obvious  results  of  conyerslon  of 
primitive  force,  with  reference  to  centres  of  oondeni^*^ 
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1.  If  the  velocity  is  constant,  the  radius  of  rotation  or  revolution  must  be 
proportioned  to  the  time. 

2.  If  radii,  which  were  originally  established  by  a  constant  velocity,  are 
converted  into  railii  of  free  revolution  under  equivalent  central  forces,  the 
times  of  revolution  must  be  proportioned  to  the  }  power  of  the  radii. 

3.  If  radii  of  synchronous  revolution  and  axial  rotation  are  due  to  the 
action  of  a  primitive  constant  wave-velocity,  while  nucleal  radii  are  due 
to  the  collision  of  particles  moving  with  parabolic  velocity,  the  former 
velocity  would  be  communicated  in  the  time  of  a  half-rotation,  while  the 

1/2" 
latter  would  be  communicated  in of  the  same  time. 

TT 

4.  Let  us  suppose  that  the  ratio  of  the  solar  year  to  the  terrestrial  day 
originated  in  the  constant  velocity  (1)  of  light,  which  is  still  represented 

by  the  equation  of  solar  half  rotation  ( -g   =  "a);  that  the  time-radii  (^t) 

were  converted  into  radii  of  free  revolution  under  equivalent  central  forces 
(2) ;  and  that  corresponding  nucleal  radii  (^/^)  were  established  by  parabolic 

collision  (3).     We  should  then  have 

J 


(j) 


1/2 

or,  substituting  the  ratios  which  are  represented  by  r^  and  p^, 

/I  year\^  .  /Earth's  semi-axis  major\^  .  ,  ^  ,  ^-^^ 
Vlday/     *  \    Sun's  semi  diameter    /     '  ' 

The  sidereal  year  is  composed  of  the  original  nebular  sidereal  rotation  and 
the  365.25036  additional  sidereal  rotations  which  are  due  to  terrestrial  con- 
densation.   Making  these  substitutions, 

(365.25036)^  :  aj^  :  :  ?r  :  ^'J  ) 

aj  =  214.5365  J 

Among  the  obvious  nodal  influences  of  distance  and  velocity  which  may 
be  reasonably  supposed  to  have  modified  the  kinetic  undulations  between 
the  centres  of  density  and  of  nucleation,  the  following  may  be  specified  : 

1.  The  velocity  of  light,  V,  or  the  projectile  velocity  which  is  equal  to 

at 
the  sum  of  Sun's  gravitating  equatorial  reactions  during  a  half  rotation,   ^ ' 

2.  Sun's  limiting  velocity  of  revolution,  Vg  =  y^gr,  r  being  the  equa- 
torial radius. 

3.  Earth's  limiting  velocity  of  revolution,  %  =  \^'gr,  at  the  equatorial 
surface. 

4.  Earth's  superficial  equatorial  velocity  of  rotation ,  f>^. 

5.  Earth's  semi  axis  major,  p^ 

6.  Earth's  diameter,  2r,  or  the  major-axis  of  limiting  synchronous  linear, 
elliptical  and  circular  oscillation. 

7.  Moon's  semi-axis  major,  p^. 
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8.  The  ratio  of  variation  between  Laplace's  limit,  r^  and  the  nucleal 

radius,  ro ;  fi  oc  V. 

From  Struve's  constant  of  aberration,  equation  A,  and  other  well-known 
measurements,  we  find  :  V   =  214.5365ro  -f-  497.827  =  .4309458ro  ;  Vq  = 

214.5365*  x2^ro-^  31558150  =  .0(K)62564ro;  ©o  =  ('????:82  X  32^88\* 

\  5280  / 

=  4.9075;©,  — 2,r  X  3962.82  ^  86164  =  .288974;  V    -^  Vo  =  688.815; 
•o  -*-  «r  =  16.98287.     The  combined  nodal  action  of  V,,  Vg,  Co»  ^r»  Po  ^^^ 

Zr  are  represented  by  the  equation  : 
V 

_i  -^  ^r  ^   /Le 

Vg    •     t?o        2r 

688.815  X  16.98237  =  ^o  -^  7925.64. 

/Bo  =  92,711.850  miles. 

V^  =  ^0  -5-  497.827  =  186,233  miles  =  299,705  kilometers. 

rQ=zp^-i-  214.5365  =  432,495  miles. 

^j  -i-  r  =  23,395.4. 

Sun's  mass 
Earth's  mass  =  830,997. 

If  we  adopt  Newcomb*s  estimates  of  Sun's  diameter,  mass  and  distance 
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[Popular  Astronomy,  p.  528),  the  nodal  value  of  V    would  be  185,334 

miles  ;  the  value  as  determined  by  Struve's  constant  of  aberration,  185,475 
miles;  the  discrepancy  being  only  ^^  of  one  per  cent.  Michclson's  esti- 
mate (299,820  km.)  is  about  -^g  of  one  per  cent,  greater  than  mine,  and 
about  J  of  one  per  cent,  greater  than  Newcomb's. 

Newton's  law  of  the  ratio  of  elastic  densities  to  distances  (8),  the  law  of 
projection  under  uniform  resistance  (9),  and  the  ratio  of  variation  between 
Laplace's  limit  and  the  nucleal  radius,  all  are  illustrated  by  the  lunar 

equations  : 

%        32  1 

— °  X  -g  r  =  /)i  =  60.3815r. 

f3\      r  =Pq  very  nearly  =  23,622r. 

J.  J.  von  Littrow's  estimate  for  Moon's  semi-axis  major,  cited  by  Searle 

(p.  406),  is  60.2778,  or  about  ^V^y  of  one  per  cent,  less  than  the  above  result. 

The  velocity  of  light,  as  deduced  from  the  lunar  value  of  p^,  is  188,040 

miles,  or  nearly  one  per  cent,  greater  than  the  value  found  in  equations  B. 
I  think  no  one  will  be  likely  to  attach  much  weight  to  the  larger  value, 
but  it  is  interesting  on  account  of  its  indication  of  elliptical  nebular  influ- 
ence, with  a  nucleal  radius  about  one  per  cent,  larger  than  Sun's  pres- 
ent radius,  and  a  maior  axis  about  one  per  cent,  larger  than  Eiirth's  pres- 
ent mean  vector-radius.    The  nebular  influence  may  be  inferred  from  the 

lactthat^  =  2x  (-i). 

FBOC.  AMER.  PHTL08.  SOC.  XIZ.  107.  B.      FBDP 
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An  Account  of  Two  Maps  of  America  PublUKed  Bespectively  in  the  Tear$ 
1550  and  1555.    By  Henry  PhiUips,  Jr.,  A,M. 

{Read  before  the  American  PhiloBophieal  Society,  March  19,  1880.) 

I. 

In  the  Oosmographia  Universalis  of  Sebastian  Monster,  published  at 
Basle,  in  1550,  there  occurs  a  large  two  page  map  of  the  New  World  which 
is  so  quaint,  so  singularly  inaccurate,  yet  with  all  its  faults  so  suggestive 
that  a  description  cannot  fail  to  be  of  interest  to  all  who  care  to  retrace  the 
early  history  of  our  country. 

The  copy  of  Munster  which  is  in  the  library  of  our  Society  is  the  German 
edition  of  1563,  but  contains  the  same  illustrations  and  maps  that  occur  in 
the  earliest  copies  of  the  work.  As  reprints  took  place,  no  changes  seem 
to  have  been  made  in  the  letter-press,  and  certainly  no  alterations  were 
effected  in  the  charts  and  engravings. 

North  and  South  America  are  represented  as  a  large  island  joined  to- 
gether, where  Central  America  now  exists,  by  a  strip  of  land.  All  the  upper 
boundary  of  North  America  is  water.  The  coast  line  from  what  is  now 
called  Labrador  and  New  Brunswick  to  the  Gulf  of  Mexico  is  not  badly 
outlined ;  Canada  receives  the  name  of  Francisea  ;  Yucatan  is  figured  as 
a  large  island  directly  west  of  Cuba,  which  latter  lies  immediately  to  the 
south  of  the  peninsula  now  known  as  Florida.  The  Tortugas  islands  are 
thrown  far  into  the  bosom  of  the  Gulf  of  Mexico,  to  which  body  of  water 
no  name  is  assigned.  Mexico  itself  appears  as  GJiamaho,  and  a  small 
island,  Panuco,  is  represented  near  this  country,  off  the  mouth  of  a  large 
river.  Jamaica,  spelled  Jamica,  lies  to  the  south  of  Cuba ;  Hispaniola, 
directly  to  the  east. 

At  the  point  where  South  America  is  joined  to  the  Northern  Continent 
is  a  country  which  bears  the  name  of  Parias,  marked,  **abundat  auro  ei 
margaritis,'*  The  configuration  of  Mexico  is  but  poorly  preserved,  and  the 
Pacific  coast  is  dotted  with  random  indentations  of  rivers  and  bays.  Lower 
California  does  not  appear,  nor  yet  the  Gulf  which  separates  it  from 
Mexico.* 

A  very  large  body  of  water,  a  continuation  of  that  which  forms  the  bound- 
ary of  the  Northern  Continent,  in  shape  and  position  not  unlike  to  Hudson's 
Bay,  stretches  far  down  to  within  a  short  distance  from  the  sea-coast,  no 
great  way  oflf  from  the  present  site  of  New  York  city.  New  York.  Proba- 
bly this  was  placed  upon  the  map  in  conformity  with  Indian  reports  of  vast 
interior  bodies  of  water,  confusing  the  Great  Lakes  of  the  Northwest,  with 
Hudson's  Bay. 

The  peninsula  now  known  as  Florida  is  quite  coirectly  drawn,  although 
it  does  not  bear   any  name,    but  a  region  of  country  corresponding 

*  According  to  Humboldt,  Lower  California  had  been  recognized  as  a  penln* 
sula  as  early  as  1539-41. 
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with  the  south-western  parts  of  North  CaroliDa,  the  north- western 
and  northern  portions  of  Georgia,  the  upper  portions  of  Alabama  and 
Mississippi,  and  the  lower  parts  of  Tennessee,  receives  the  appellation 
of  Terra  florida.  Above  this  region  and  trending  to  the  north  is  a 
range  of  mountains,  from  whose  western  extremity  a  very  large  but 
nameless  river  takes  its  rise,  in  two  diverging  branches,  at  a  considerable 
distance  from  the  sea-coast,  and  ultimately  empties  its  waters  into  the  Gulf 
of  Mexico.  This  seems  to  represent  the  Mississippi,  and  is  in  a  reasonably 
accurate  position,  except  that  the  junction  of  the  two  streams  which  com- 
pose it,  is  placed  too  near  the  river's  mouth.*  It  is  possible  that  some  tra- 
dition of  the  Missouri  may  appear  in  the  north-w^estern  branch  of  this 
stream. 

To  the  west  some  distance  off,  is  a  large  but  nameless  river  taking  its 
rise  in  a  range  of  mountains  which  run  from  east  to  west.  This  may  be 
the  Rio  Grande  del  Norte,  the  Texan  boundary  line. 

Tho  Isthmus  of  Central  America  is  delineated  as  somewhat  larger  than 
it  really  is.  South  America  is  very  incorrectly  drawn,  being  too  "squat  '* 
in  appearance.  A  large  river  empties  on  its  northern  shores  into  the  ocean, 
and  on  the  land,  at  the  easternmost  projection  of  the  Continent  there 
stands  a  hut  constructed  of  boughs,  leaves  and  branches,  f^om  one  of  which 
latter  a  human  leg  is  pendant.  Lest  there  should  be  any  doubt  in  the  mind 
of  the  reader  as  to  what  all  this  meant,  the  word  Oanibali  is  printed  upon 
this  region  to  show  the  nature  of  its  inhabitants.  The  bay  of  Rio  Janeiro, 
although  nameless,  is  shown,  but  appears  to  penetrate  much  farther  into 
the  main  land  than  it  really  does.  At  the  mouth  of  this  reach  of  water  are 
islands  bearing  the  name  7  insulcB  Margueritarum. 

Farther  to  the  south  is  a  country  marked  Regio  Gigantum,  and  still 
lower  is  the  PVetum,  Magellani,  separating  the  Southern  Continent  from  a 
piece  of  land,  whose  termination  is  not  shown  on  the  map. 

The  configuration  of  the  western  coast  is  still  more  defective.  Only  one 
name  appears  on  it,  Caiigara^  which  is  far  up  towards  the  north-west. 
Printed  upon  the  South  American  Continent  are  the  words,  "NOVUS 
ORBIS,  nova  insula  Atlantica  quam  vacant  Brasilii  et  Americam,*' 

The  Western  portion  of  the  map  is  filled  by  the  Make  Pacipicttm,  in  the 
lower  part  of  which  is  drawn  an  old-fashioned,  high-pooped,  one-masted 
vessel,  above  which  is  the  island  Zipangri  surrounded  by  Archifelagus 
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In  the  extreme  north-west  of  the  map  is  India  superior,  which  contains 
Cathay t  and  its  capital  city,  Quinsay.  Below  the  ship  are  the  insulce  in- 
fortunaUB. 

II. 

I  turn  from  this  map  to  one  which,    although  published  five  years 
later,  was  evidently  engraved  at  some  very  much  earlier  date. 
The  Novus  Orbis  of  Simon  GryncBus,  published  at  Basle,  in  1555,  con- 

*The  Missiislppi  was  discovered  by  De  Soto  In  1511,  but  the  account  of  his 
travels  was  not  published  till  15ff7. 
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tains  what  was  intended  for  a  representation  of  tlie  world  as  tlien  known. 
It  is  a  very  large  map,  surrounded  by  a  border  of  wood-cuts,  very  similar 
in  subject  and  treatment  to  those  found  in  Munster,  exhibiting  cannibals, 
wigwams,  serpents,  elephants,  &c.  Within  the  border  are  the  names  of 
various  winds,  and  upon  the  seas  are  delineated  remarkable  monsters,  fish 
and  mermaids. 

The  portion  of  the  map  upon  which  America  appears  is  the  only  one 
which  will  claim  our  attention. 

North  of  Cuba  tliere  is  no  land  whatever.  This  island  is  represented  in 
the  form  of  a  parallelogram  extending  from  Latitude  10'  to  Latitude  49® 
North,  and  lying  between  Longitude  280*'  and  290°  East  from  the  meridian 
ot  Madeira.  At  its  southern  extremity  flows  a  narrow  strait  which  sepa- 
rates it  from  South  America,  called  on  the  map,  America,  Terra  nova. 
The  shape  of  the  upper  portion  of  the  Southern  Continent  is  not  badly  pre- 
served, but  as  it  descends  it  becomes  thinner  and  thinner,  ultimately 
closing  in  a  point  of  land  without  any  suggestion  whatever  of  the  Straits  of 
Magellan.  On  the  northern  coast  are  the  CanibaU,  at  the  west  is  Parias, 
about  Latitude  20°  South  is  Brasilias,  An  island  marked  Terra  coriesia 
almost  due  west  of  the  northern  extremity  of  Cuba  lies  in  Longitude  310° 
E  and  Latitude  50°  N.  To  the  south-east  of  the  centre  of  Cuba,  lying  be- 
tween Latitude  20°  and  80°  North  and  Longitude  800°  and  810°  East,  is 
an  island  called  Isabella;  east  and  south  of  this  are  a  cluster  of  islands 
designated  as  Insula  Antiglia,  through  which  the  Tropic  of  Cancer  imsses, 
and  just  above  Spagnolla,  which  is  to  the  south  of  Cuba. 

This  comprises  all  the  land  shown  in  the  Western  Hemisphere  except 
the  island  of  Zipango,  due  west  of  the  centre  of  Cuba,  in  Latitude  10°  to 
80°  N.,  Longitude  260°  to  270°  East. 

The  ocean  between  Europe  and  Cuba  is  called  Oceanus  Magnus. 

Note. — The  inaccuracy  of  this  map  is  really  surprising,  when  we  con- 
sider the  facilities  then  already  in  existence  for  verification .  A  Spanish 
mappa  mundi  and  hydrographic  chart  published  in  1573  (Lelewel.  I.  p. 
CXXXVI),  presents  the  North  American  coast  not  badly  delineated  from 
Newfoundland  down,  although  exhibiting  some  uncertainty.  The  Penin- 
sula of  Florida  appears  under  that  name,  and  Lower  California  is  separated 
fVom  Mexico  by  a  body  of  water,  and  Mexico  and  Central  America  are  quite 
correctly  drawn.  Yucatan  is  shown  as  a  peninsula,  and  in  its  proper  posi- 
tion. The  conformation  of  the  Gulf  of  Mexico  is  reasonably  accurate. 
South  America  is  justly  drawn,  although  the  portion  below  the  Straits  of 
Magellan  is  only  partially  exhibited.  The  Canibales  still  are  attributed 
to  the  northern  part  of  Brazil. 

The  Amazon  river  appears  under  that  name. 
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On  the  Action  of  Hydrochloric  Acid  and  of  Chlorine  on  Acetohemoic 

Anhydride,    By  Wm.  H.  Greene,  M,D, 

{Read  before  the  American  Philosophical  Society,  March  19,  1880.) 

In  September  last,  M.  Loir  published,  in  the  Bulletin  de  la  Soctete  Ghim- 
ique,  a  paper  upon  the*  double  function  (alcohol  and  aldehyde)  of  various 
acids  and  anhydrides.  I  will  not  discuss  the  general  conclusions  of  this 
article,  which  has  found  its  way  into  many  of  the  collections  of  scientific 
literature,  but  the  paper  contains  grave  errors  upon  certain  of  the  reactions 
of  acetobenzoic  anhydride.  According  to  M.  Loir,  this  compound  behaves 
diflferently  with  hydrochloric  acid  and  with  chlorine,  accordingly  as  it  has 
been  prepared  by  the  action  of  acetyl  chloride  upon  sodium  benzoate,  or  of 
benzoyl  chloride  upon  sodium  acetate.  Made  by  the  last  of  these  processes, 
it  is  decomposed  by  hydrochloric  acid  at  180°,  into  acetyl  chloride  and  ben- 
zoic acid  :  chlorine  at  140°  converts  it  into  acetyl  chloride  and  chloroben- 
zoic  acid.  Under  the  same  circumstances,  the  anhydride  prepared  by  the 
first  process  is  unaffected,  but  at  160°  hydrochloric  acid  converts  it  into 
benzoyl  chloride  and  acetic  acid ;  at  170°  under  the  action  of  chlorine  it 
yields  benzoyl  chloride  and  chloracetic  acid. 

Acetobenzoic  anhydride  begins  to  decompose  at  a  temperature  below  150^, 
into  acetic  anhydride  and  benzoic  anhydride,  and  at  temperatures  near  this 
point  it  should  act  as  would  a  mixture  of  the  latter  two  bodies.  Under  the 
influence  of  hydrochloric  acid  it  should  yield  acetyl  chloride,  acetic  acid, 
benzoyl  chloride  and  benzoic  acid.  Chlorine  should  act  in  an  analogous 
manner.  I  have  repeated  the  exi>eriments  of  M.  Loir,  with  the  following 
results  : 

If  dry  hydrochloric  acid  be  passed  into  acetobenzoic  anhydride,  at  ordi- 
nary temperatures,  the  reaction  is  the  same,  by  whichever  process  the  an- 
hydride may  have  been  prepared  :  benzoic  acid  is  deposited,  and  the  tube 
conveying  the  hydrochloric  acid  becomes  obstructed.  On  raising  the  tem- 
perature, acetyl  chloride  begins  to  distill  at  55-60°,  and  the  product 
obtained  up  to  130°  is  a  mixture  of  acetyl  chloride  and  acetic  acid.  If  the 
heat  be  raised  much  above  180°,  and  if  the  current  of  hydrochloric  acid  be 
rapid,  a  small  quantity  of  benzoyl  chloride  is  carried  over,  and  will  be 
found  in  the  distillate.  The  residue  in  the  apparatus  consists  of  benzoyl 
chloride  and  benzoic  acid.  If  the  anhydride  be  heated  to  180°,  or  any  other 
temperature,  before,  passing  the  hydrochloric  acid,  the  reaction  is  the  same 
with  the  anhydride  prepared  by  each  process.  However,  it  seems  that  the 
lower  the  temperature  the  greater  the  proportions  of  acetyl  chloride  and 
benzoic  acid  which  are  formed,  while  at  higher  temperatures  (130-150°), 
the  reaction  yields  acetyl  chloride,  acetic  acid,  benzoyl  chloride  and  ben- 
zoic acid  in  about  equivalent  proportions. 

Chlorine  acts  in  an  analogous  manner :  the  products  are  the  same 
in  whichever  manner  the  anhydride  may  have  been  prepared  ;  but,  with 
the  exception   of  the  acetyl  chloride,  these  products  are  more  difficult  to 


Qreene.]  J-^  [April  2, 

separate  than  those  formed  in  the  reaction  with  hydrochloric  acid.  Indeed, 
chloracetic  acid  boils  at  about  186^,  and  benzoyl  chloride  at  198^  :  in  the 
experiments  of  M.  Loir,  the  latter  compound  seems  to  have  distilled  over 
first,  leavin;;  the  chloracetic  acid  in  the  retort.  At  temperatures  near  150^, 
the  products  of  this  reaction  are  acetyl  chloride,  chloracetic  acid,  benzoyl 
chloride  and  chlorobenzoic  acid;  at  lower  temperatures,  the  principal 
products  are  acetyl  chloride  and  chlorobenzoic  acid. 

From  his  experiments,  M.  Loir  considers  that  there  is  a  difference  in 
constitution  between  benzoyl  acetate  and  acetyl  benzoate,  but  the  results 
of  these  experiments  being  erroneous,  such  a  conclusion  is  unsustained. 
These  bodies  thus  named  are  identical ;  all  of  their  reactions  under  the  same 
conditions  are  the  same,  and  they  must  be  represented  by  the  same  rational 
formula. 


Stated  Meeting  April  2,  1880. 
Present,  12  members. 

Mr.  Fraley,  Prof.  P.  E.  Chase,  Dr.  R.  E.  Rogers,  Mr.  J.  S. 
Price,  Dr.  Cresson,  and  Mr.  Phillips  signified  by  letter  their 
acceptance  of  the  appointment  to  represent  the  Society  at 
Boston  on  the  26th  of  May. 

Dr.  Genth  declined  the  appointment  to  prepare  a  notice 
of  the  late  Prof.  Roepper,  on  the  score  of  ill-health. 

A  letter  of  envoy  was  received  from  the  U.  S.  Naval 
Observatory  in  Washington. 

A  letter  requesting  contributions  to  the  burnt  library  at 
St.  John,  New  Brunswick,  was  received  from  Mr.  Jas.  Dom- 
ville,  Honorary  Secretary,  House  of  Commons,  Canada,  dated 
Ottawa,  March  11, 1880. 

Donations  for  the  library  were  received  from  the  Acade- 
mies at  Rome,  Berlin,  Brussels,  and  Philadelphia ;  the  Geo- 
graphical Society  at  Bordeaux ;  the  Victoria  Institute,  R. 
Astronomical  Society,  and  London  Nature;  the  Societies  at 
Quebec  and  Milwaukee ;  the  Boston  Natural  History  Society; 
Cambridge  Museum  0.  Z.,  and  New  England  Genealogical 
Society  ;  the  Observatories  at  Washington  and  Mexico ;  the 
University  and  Peabody  Institute  at  Baltimore ;  Mr.  J.  S. 
Price,  and  Mr.  Henry  Phillips,  Jr. 

The  death  of  Guillaume  Philippe  Schimper,  at  Paris, 
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Marcli  29,  aged  72,  was  announced  by  the  Secretary  ;  and  on 
motion,  Prof.  Leo  Lesquereaux  of  Colurabus,  0.,  was  ap- 
pointed to  prepare  an  obituary  notice  of  the  deceased. 

A  short  communication  "On  the  origin  of  planets"  was 
received  from  Prof.  Daniel  Kirkwood. 

Pending  nominations  Nos.  893  to  908  and  new  nomina- 
tions Nos.  909  to  913  were  read. 

On  motion  of  Mr.  J.  S.  Price,  based  upon  a  letter  from 
Dr.  Cattell  of  Easton,  the  use  of  the  Hall  of  the  Society  was 
tendered  to  the  American  Philological  Association  for  its 
next  annual  meeting  in  July. 

And  the  meeting  was  adjourned. 


On  the  Origin  of  Planets.    By  Daniel  Kirkwood. 
(Read  before  the  American  Philosophical  Society,  April  2,  1880.) 

If  Laplace's  hypothesis  of  the  formation  of  planets  and  satellites  from 
nebulous  rings  cannot  be  sustained*  we  may  conclude  that  each  planet,  at 
its  origin,  was  separated  from  a  very  limited  arc  of  the  equatorial  pro- 
tuberance ;  or,  in  other  words,  tliat  instead  of  the  separation  of  a  ring,  the 
centrifugal  force  produced  a  rupture  at  the  point  of  least  resistance  in  the 
equatorial  belt.  From  the  chasm  thus  formed  a  nebulous  mass  was  tlirown 
out,  which  in  process  of  time  was  transformed  into  the  outermost  planet.f 
The  tendency  to  separation  around  the  equator  would  thus  be  relieved, 
and  the  ellipticity  of  the  spheroid  temporarily  diminished.  Further  con- 
densation, however,  would  again  increase  the  centrifugal  force  until  an- 
other rupture  or  outrush  similar  to  the  first  would  necessarily  result.  The 
formation  of  planets  from  these  nebulous  masses  may  thus  be  explained 
without  the  necessity  of  supposing  such  matter  to  have  been  slowly  col- 
lected from  continuous  rings. 

The  origin  of  satellites  is  also  very  obviously  accounted  for.  In  short, 
where  the  ring  hypothesis  is  encumbered  with  difficulties  well  nigh  insu- 
perable, the  theory  here  proposed  seems  less  open  to  objection.  Not 
Improbably,  however,  the  ancient  orbits  of  the  secondary  systems  and 
perhaps  also  of  some  of  the  primary  planets  may  have  differed  to  a  con- 
siderable extent  from  their  present  dimensions,  as  is  shown  by  Mr.  Q.  H. 
Darwin  in  his  "  Tidal  Theory  of  the  Evolution  of  8atellites."t 

♦Proc.  Amer.  Phil.  800.,  vol.  xvili.,  p.  824. 

t  It  is  now. believed  by  astronomers  that  the  phenomena  of  temporary  stars, 
such  as  those  of  1572, 1866  and  1877,  are  produced  by  enormous  outbursts  of  in- 
candescent matter. 

tThe  Observatory  for  Jaiy,  1979. 
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Siatid  Jtftting^  April  16,  1S80. 
Present,  17  membersw 

Pr^ident,  Mr.  Fealkt,  in  the  chair. 

A  letter  of  aoknowledsn^Qent  was  received  from  the  K.  K. 
Centnil  Anstalt  fiir  Meteorologie  and  Erdmagnetismns,  at 
Vienna,  dated  March  17, 1880  (HX\  103). 

A  letter  of  envov  was  received  from  the  Snrvevor-Gen- 
eral  of  India,  dated  Calcutta,  March  1, 1880. 

IV^nations  for  the  Librarv  were  received  from  the  Swedish 
Bnrwiu  of  Statistics,  Stockholm ;  Herr  C.  A.  Dohm,  Stettin ; 
the  eilJtor  of  the  "  Zoologischer  Anzeiger,**  Leipzig ;  the 
Koyal  Academy,  Brussels ;  Societe  de  Geographic,  and  Re- 
vue Politique  et  Litteraire, at  Paris;  Accademia  dei  Lincei, 
Rome:  Editors  of  the  "Revista  Euskara,"  Pamplono;  Society 
of  Antiquaries,  Editors  of  Xature,  and  Mr.  Joseph  Prest- 
wich,  London ;  Natural  History  Society,  Montreal ;  Con- 
necticut Academv  of  Arts  and  Sciences,  and  American 
Journal  of  Science,  Xew  llaven ;  Trustees  of  the  Astor 
Library :  Editor  of  the  North  American  Entomologist, 
Butfalo ;  New  Jersey  Historical  Society  ;  New  Jersey  State 
Geologist ;  Franklin  Institute,  Medical  News,  American 
Journal  of  the  Medical  Sciences,  and  American  Journal  of 
Pharmacy,  Philadelphia ;  the  Managers  of  Haverford  Col- 
lege, Peuna. ;  Mr.  Henry  Phillips,  Jr.,  of  Philadelphia ; 
Cincinnati  S<x;iety  of  Natural  History;  St.  Louis  Academy 
of  Sciences;  and  M.  Hugo  von  Meltzl. 

No.  105  of  the  Proceedings  of  the  Society,  just  published, 
was  exhibited. 

Mr.  Lesley  communicated  the  following  extracts  from  a 
tetter  received  from  Mr.  Lesquereux  respecting  an  interest- 
ing discovery  of  North  Carolina  Triassic  (?)  plants  in  Bucks 
county,  Pennsylvania : 

"Yesterday  (April  13)  I  found  in  a  box,  which  I  received  about  two 
weeks  ago,  a  letter  from  Mr.  John  S.  Ash,  of  Buckingham.  Bucks  county, 
Penn^-ylvania,  with  six  specimens  bearing  vegetable  remains  of  a  Cycad  : 
PUrophyllum  rob'/ttum  Emmons  (a  large  specimen)  ;  Calamiies  arenaeeus 
Brgt.  (four  B|)ecimens),  outside  and  inside  cylinder  in  two  small  speci- 
mens ;  a  fragment  of  bark  (undeterminable)  like  a  Cyclastigma, 
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"These  specimens,  especially  the  Pterophyllum,  are  positiTcly  of  the  age 
of  the  Red  of  North  Carolina,  which  EmmoDs  refera  to  the  Trias,  and 
"Which  White  puts  as  high  as  the  Lias  or  Jurassic ;  certainly  not  New  Red 
as  marked  in  the  letter  ;  still  less  Carboniferous. 

"  Neither  Dana  nor  Rogers  have  seen  this  Formation  in  Pennsylvania, 
at  least  not  in  Bucks  County.    The  fossils  interest  me  very  much. 

Prof.  Chase  communicated  three  notes  entitled : — 

1.  Astronomical  Approximations.  V.  Cometarj  Parabo- 
loids. 2.  VI.  Cosmical  Determination  of  Joule's  Equiva- 
lent. 3.  Relations  of  Chemical*  Affinity  to  Luminous  and 
Cosmical  Energies. 

Mr.  Hall  discussed  some  geological  casts  of  a  series  from 
the  State  Geological  Survey. 

Pending  nominations  Nos.  893  to  908  were  read  and 
acted  upon. 

Pending  nominations  Nos.  909  to  913  were  read. 

Mr.  Chase  moved  that  Haverford  College  be  placed  on  the 
roll  to  receive  the  publications  (Proceedings  and  Transac- 
tions) of  the  Society.     It  was  so  ordered. 

On  scrutinj'  of  the  ballot  boxes  by  the  President,  the 
following  persons  were  declared  duly  elected  members  of 
the  Society : 

893.  Dr.  Austin  Flint,  Sr.,  of  New  York  City. 

894.  Dr.  Austin  Flint,  Jr.,  of  New  York  City. 

895.  Dr.  Roberts  Bartholow,  of  Philadelphia. 

896.  Mr.  J.  Vaughn  Merrick,  of  Philadelphia. 

897.  Mr.  Horace  Howard  Furness,  of  Philadelphia. 

898.  Mr.  Ellis  Yarnall,  of  Philadelphia. 

899.  Rev.  George  Dana  Boardman,  of  Philadelphia. 

900.  Mr.  William  B.  Rogers,  Jr.,  of  Philadelphia. 

901.  Prof.  Ogden  N.  Rood,  of  New  York  City. 

902.  Mr.  Henry  Marty n  Chance,  of  Philadelphia. 

903.  Dr.  William  Thompson,  of  Philadelphia. 

905.  Mr.  Carlisle  P.  Patterson,  of  Washington. 

906.  Mr.  Hampton  L.  Carson,  of  Philadelphia. 

907.  Mr.  Joseph  C.  Fraley,  of  Philadelphia. 

908.  Rev.  Joseph  A.  Murray,  D.D.,  of  Carlisle,  Pa. 
And  the  meeting  M'as  adjourned. 

PROC.  AMEB.  P11IL06.  £0C.  XIX.  107.  C,      FUINTED  JUNE  2,  1880. 
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Astronomical  Approxtmatiom.    F.,    VL     By  Pliny  EarU  Ghass,  LL.D,, 
Professor  of  Philosophy  in  Haverford  College. 

{Bead  before  the  American  Philosophical  Society ,  April  16,  1880.) 

F.    Cometary  Paraboloids, 

Some  recent  communications  to  the  French  Academy,  by  MM.  Gaus- 
Bin*  and  Faye,t  have  led  me  to  re-examine  some  of  my  earlier  discussions 
of  the  influence  of  projectile  forces  and  perifocal  collisions,  upon  nebular 
rupture  and  cosmical  nucleation.^  I  have  embodied  some  of  the  results  of 
this  examination  in  a  comparison  of  my  appUcationg  of  the  general  equa- 
tion 

\=V?''' • CD 

with  Gaussin's  analogous  equation  | 

a  =  a  A;^ (2) 

If  we  let  ro  =  1  =  Sun's  radius  ;  *  =  16.164  ;  ly  =  1.6252 ;  f  =  1.013, 
equation  (1)  gives  a  series  of  paraboloidal  abscissas  which  represent  im- 
portant cosmical  relations. 

Bodies  falling  towards  the  centre  of  a  cosmical  system,  from  a  distance 

— -                                 fid 
nd,  acquire  the  cf- velocity  of  revolution,  ( y/gd),  at  the  distance . 

n  +  1 
Therefore,      ^  ,         L,       ^  ,    .    .    .   represent  points  at  which  nebular 

subsidence  would  t€nd  to  produce  rupture,  with  consequent  orbital  revo- 
lution at  do,  d^,  d^  .   .   . 

In  Table  I,  P  represents  Stockwell's  values  for  the  secular  perihelion 
points  of  rupture,  in  units  of  Tq  ;  A,  the  values  for  secular  aphelion  ;  T, 
the  theoretical  rupturing  distances  as  determined  by  equation  (1). 

TABLE    I. 


P. 

T. 

A. 

J  Mercury 

^y'f^ 

31.91 

44  94 

51.14 

J  Venus 

wc 

72.11 

77.91 

83.07 

}  Earth 

^r;c' 

133.34 

138.58 

152.71 

}  Mars 

— 

w 

210.96 

252.93 

279.38 

i  Ceres 

WC' 

438.66 

473.69 

511.84 

{  Jupiter 

— 

evc^ 

873.59 

910.30 

986.75 

f  Saturn 

— 

er/r 

1606.19 

1795.05 

1902.03 

J  Uranus 

— 

er/?" 

3319.21 

3632.14 

3881.96 

{  Neptune 

— 

^y"f^- 

7408.37 

7541.32 

7626.46 

•Comptes  Rend  us  t.  xc,  pp.  518,  593. 

t  lb.,  p.  586. 

JProc.  Am.  Phil.  Soc.  Vols.  Ix— xll. 

I  lb.  xll,  .520. 

ILocclt,  p.  520.    Equation  (2)  Is  a  special  case  of  equation  (1).  with  r  —  x 
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The  perihelion  and  aphelion  values  for  f  Ceres  were  found  by  taking 
Newcomb*8  value  for  tlie  eccentricity  (.077)  and  mean  distance  (3.769//, 

==  594.06ro).  The  other  vahies  of  P  and  A  are  computed  from  Storkwcll's 
elements  of  planetary  distance  and  secular  variation,  taking  214.54ro  for 
the  value  of  Earth's  semi-axis  major  (^,). 

Dividing  the  values  of  T,  in  Table  I,  by  the  respective  rupturing  co- 
efficients (J,  |.  J,  .  .  .  )»  ftJid  reducing  to  units  of  Earth's  semi  axis 
major,  we  obtain  the  values  in  column  C,  Table  II,  for  comparison  with 
6aussin*8  values,  which  are  given  in  column  G. 


TABLE  II. 

.     P. 

C. 

G. 

A. 

Mercury 

.297 

.419 

.363 

.477 

Venus 

.673 

.736 

.623 

.774 

Earth 

.932 

.969 

1.073 

1068 

Mars 

1.311 

1.572 

1.848 

1.736 

Asteroid 

2.132 

2.760 

3.183 

8.954 

Jupiter 

4.886 

5.092 

5.483 

5.519 

Saturn 

8.734 

9.761 

9.445 

10.343 

Uranus 

17.681 

19.348 

16.269 

20.679 

Neptune 

29.508 

30. 120 

28.025 

30.470 

The  perihelion  and  aphelion  values  of  the  astcroidal  belt  are  represented 
l)y  the  mean  distances  of  (i4»)  and  (m).  All  the  otlier  values  in  columns 
X*  and  A  are  computed  from  Stockwell's  eleniiuts.  Gaussin's  approxi- 
mations to  the  distances  of  Venus,  Earth,  Mars.  Uranus,  and  Neptune,  are 
«fcll  outside  of  the  limits  of  secular  excursion  for  those  planets  respectively. 
My  own  values  are  all  within  those  limits,  and  their  approximations  to 
the  mean  values  are  closer  than  those  of  any  other  similar  series  that 
lias  ever  fallen  under  my  notice. 

The  data  for  the  construction  of  the  cosmothetic  paraboloid  were  de- 
i^ived  from  considerations  of  linear  oscillation  («),  vis  viva  (/9,<5),  nucleal 

r-otation  and  synchronous  orbital  revolution  (^),  spherical  oscillation  (^5)^ 
inter-stellar  actions  and  re-actions  of  projection  and  attmction  (s),  lumi- 
nous undulation  (f )  and  universal  nebular  subsidence  and  rupture  (ly). 

a-  The  focus  of  paraboloidal  action  is  Sun's  centre.  The  locus  of  the 
directrix  is  also  the  locus  of  the  linear  centre  of  oscillation  of  Sun's  di- 
ameter, referred  to  Sun's  surface  (§  d  —  r  =  ^r).     ^■ 

/9,  ^.  The  fundamental  abscissa  (^)  is  f  L ;  J  representing  the  relative 

tis  viva  of  the  linear  centre  of  oscillation  (f),  and  L  being  Laplace's  limit, 
or  the  locus  of  synchronous  rotation  and  revolution. 

^.  The  initial  ratio  (tj^*  :=  1.66768)  differs  by  less  than  pj^  of  one  per 
cent,  from  | ;  f  being  the  ratio  of  rupturing  vis  viva  to  residual  vis  viva  of 
rotation  (1  --.4  =  .6). 

e.  The  planetary  field  is  geometrically  intermediate  between  the  fields 
of  solar  nuclcalion  and  of  stellar  projection.      There  are  9  abscissas  be- 
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tween  Sun's  surface  and  i  Mercury  ;  9  at  loci  of  theoretical  planetary 
rupture ;   9  between  |  Neptune  and  the  region  of  the  fixed  stars. 

f.  The  27th  abscissa  from  Sun's  surface,  or  the  19th  from  ^,  (ci?"f***), 
is  L  M  -£-  ro :  M  being  the  elastic  modulus  of  light  at  Sun's  surface.  (L  = 
86.36  ro;  M  =  474600  To.) 

7^,  The  28th  abscissa  from  Sun's  surface,  (^tj^^^),  is  46852440.  Four  re- 
cent estimates  of  the  distance  of  a  Centauri  range  between  45840000  and 

48479500.  Searle*  cites  authorities  ranging  between  44252. 00  and  49169000. 
Newcomb  says,t  ''The  mean  of  all  the  measures  of  the  parallax  of  this 
pair  of  stars  hitherto  made,  gives  0".93  as  their  most  probable  parallax, 
corresponding  to  a  distance  of  221000  astronomical  units."  This  is  equiva- 
lent to  47463340  Tq. 

It  will  be  readily  seen  that  the  elements  of  the  paraboloid,  Q  ro*  L,  M), 
are  entirely  independent  of  any  observed  or  theoretical  planetary  distance. 
No  values  can  be  assumed  for  those  elements,  within  the  limits  of  possible 
uncertainty,  which  will  weaken  the  evidence  that  the  nebula-rupturing 
position  of  the  several  planets,  the  time  of  solar  rotation,  and  the  inter- 
stellar spaces,  have  been  determined  by  the  laws  which  govern  luminous 
undulation. 

VL  Cosmical  Determination  of  Joule*a  Equivalent, 

In  estimating  heat  of  dissociation,  Pfaundler  has  shown^  that  the  mean 
should  be  taken  between  the  temperatures  of  incipient  and  of  complete 
dissociation.  On  this  principle,  in  estimating  the  temperature  of  water- 
crystallization  we  should  have  re.^ard  to  all  stages  of  the  expansion  in 
molecular  rearrangement,  and  lake  the  mean  (35°. 6  F.  =  2''C)  between 
the  temperatures  of  greatest  density  (39° .2  F  =  4°C)  and  of  complete  crys- 
tallization (32°  F  =  O^C).  So  long  as  water  continues  to  condense,  its 
tendencies  are  centripetal  and  polar  ;  while  it  is  expanding,  they  are  cen- 
trifugal and  equatorial.  The  thermodynamic  relations  betwet^n  heat  and 
work  should  be  shown  in  the  comparative  motions  and  temperatures  of 
polar  and  equatorial  waters,  as  surely,  and  with  as  abundant  facilities  for 
accurate  measurement,  as  in  the  experiments  of  the  laboratory  or  in  the 
processes  of  the  workshop. 

Johnston's  Physical  Atlas  gives  82°.6  F  (28°.  IC)  as  the  mean  tempera- 
ture of  the  oceanic  warmth-equator.  This  indicates  a  polar-equatorbil 
difference  of  82°.6  —  35°.6  F  =  47  J,  or  28M  —  2'C  =  26.1  calories. 
The  difference  in  gravitating  measure  can  be  readily  deduced  from 
the    differences    of    motion.      The    velocity    of   equatorial    rotation    is 

1525.78  feet,  which  represents  a  fall  of  (  "^^sy  xl6.044ft.  =  47  J.   Hence 

^   32.088  ' 

we  find  J  =  771.816  foot-pounds  ;  Calorie  =  423.44  kilogrammetres. 

•Outlines  of  Astronomy,  p.  JttW. 

t  Popular  Astronomy,  p.  2U8,  foot  note. 

;  Pogg.  Ann.,  18«7.  131,  QJ3, 
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The  modulug  (h)  of  the  velocity  of  rotation  (^r)  is  ;  h=  ^  =  ( '-V^- 

9         ^h^ 

Substitming  the  values  of  « ,  g,  <i,  t^,  we  find  h  =  ^^^'  =  (^^W 

==  13.741  miles  =  ^g^^^** 

This  gives  8949.084  miles  for  the  polar  radius,  which  is  J  mile  less  than 
Bessel's  estimate,  and  about  ^^  of  a  mile  less  than  Clarke's  estimate  from 
the  results  of  the  British  Ordinance  Survey.  It  accords  very  closely,  how- 
ever,   as   we    might  reasonably  have    anticipated,    with  the  ellipticity 

i^s^)  ^  deduced  from  pendulum  experiments.  ♦ 


ReUUiom  of  Chemical  Affinity  to  Luminous  and  Co8mi$al  Energies,    By 

Pliny  Earle  Chase,  LL.D. 

(Bead  before  the  American  Philosophical  Society,  April  16,  1880.) 

All  the  principles  which  I  have  applied  successfully  to  the  discovery  of 
harmonic  relations  of  cosmical  mass  and  density,  should  be  applicable  also 
to  the  discovery  of  similar  relations  of  molecular  mass  and  density,  and  to 
a  consequent  extension  of  our  knowledge  of  chemical  physics.  The  appli- 
cation can  be  made  most  properly  by  chemical  experts,  but  some  indica- 
tions of  the  methods  to  be  pursued  may  be  acceptable,  even  though  they 
eome  from  one  who  makes  no  claim  to  any  special  chemical  experience. 

In  1883,  Sir  John  Herschel  published  his  remarkable  attribution  to  the 
energy  of  the  Sun's  rays,  **of  almost  every  motion  which  takes  place  on 
the  surface  of  the  Earth.  By  its  heat  are  produced  all  winds,  and  those 
disturbances  in  the  electric  equilibrium  of  the  atmosphere  which  give  rise 
to  the  phenomena  of  lightning,  and  probably  also  to  those  of  terrestrial 
magnetism  and  the  aurora.  *'t 

In  1856,  Kohlrausch  found  that  the  ratio  between  the  electrostatic  and 
the  electromagnetic  units  was  apparently,  and  perhaps  exactly,  equivalent 
to  the  velocity  of  light  J  (f) ,). 

In  1863,  I  found  that  the  reaction  of  gravity  to  the  elasticity  and  vis  viva 
of  atmospheric  rotation,  furnished  a  simple  method  for  approximately  esti- 
mating the  Sun's  distance  by  means  of  barometric  fluctuations. §  and  began 
a  series  of  studies  of  cosmical  and  molecular  harmonies  which  are  depend- 
ent and  consequent  upon  general  kinetic  laws. 

In  the  year  following,!  I  announced  *'  the  discovery  of  certain  new  re- 
lations between  the  solar  and  lunar  diurnal  variations  of  magnetic  force 

•  Enc  Brit.,  9th  edition,  vll,  601. 
t  Oatllnei  of  Astronomy,  {  399. 
t  Pogg.  Ann.   • 

2  Proc.  Am.  Phil.  Sec.,  Ix,  287. 
I  lb.  Ix,  425. 
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and  of  barometric  pressure,**  showing  a  numerical  equivalence  between 
tidal  attractions  and  magnetic  disturbances.  In  1873,  in  his  *' Electricity 
and  Magnetism*'  (vol.  ii,  p.  127),  Maxwell  suggested  the  tidal  hypothesis, 
apparently  without  knowing  that  I  had  already  adopted  it  and  adduced 
evidence  to  sustain  it. 

In  1875,  I  showed  that  analogues  of  Ohm's  law  are  operative  in  General 
Physics,  Electricity,  Chemistry,  and  Cosmogony,  and  that  Maxwell's  de- 
ductions, when  combined  with  my  theoretical  assumptions,  led  to  the 
ratio :    Earth's  mass  :  Sun's  mass  :   :  1  :  827710.* 

Prof.  Robert  B.  Warder  has  lately  called  my  attention  to  the  fact  that 
the  co-efficients  of  elasticity  seem  to  lend  some  confirmation  to  Mendele- 
jeff's  and  Meyer's  hypotheses  of  periodical  chemical  functions,  and  thus  I 
have  been  induced  to  look  for  further  chemical  illustrations  of  the  univer- 
sal influence  of  luminous  undulations. 

In  the  general  equation  of  absolute  measure.  ?i  =  /J*  {I,  m,  t), 

u,  /,  m  and  t  represent,  respectively,  units  of  velocity,  length,  mass  and 
time. 

In  Mechanical  measure,  the  dimensions  of  the  unit  of  force  (k),  which, 
in  unit  of  time,  communicattis  unit  of  velocity  to  unit  mass,  are  I  m  t-*. 

In  Electrostatic  measure,  the  unit  of   quantity  (r^,  which  repels  an 

equal  qujintity  at  unit  distance  with  unit  forc^,  is  /J  mj  t-^. 

In  Mjigiietic  measure,  the  unit  of  quantity  (/i^,  or  strength  of  unit  pole, 

is  also,  l^  m^  t-^, 

Kohlrauscli's  equation,  u  =zlt-^  =  « ,,  has  been  subsequently  investi- 
gated by  Weber,  Thomson,  Maxwell,  and  Perry  and  Ayrton,  each  succes- 
sive examination  incretvsing  tUe  probability  that  tUe  electric  dimensional 
value  of  1 1-^  is  precisely  equivalent  to  the  velocity  of  light. 

If  we  adopt  for  our  mechanical  unit,  the  maximum  energy  of  gravita- 
tion in  the  solar  system,  we  get  the  following  equation  : 

g  =z  Im  t-^  =  mu  t-^ A 

The  units  of  Electrostatic  and  Magnetic  measure,  both  give  the  equation  : 

3         1      ^1  1     1 

l^  m^   t     =  f»M.  w»  *  t* B 

Prom  these  dimensional  equations  the  value  of  the  unit  of  absolute  mo- 
mentum (w/),  is  reaiUly  deduced.     If  we  multiply  (A)   by  the   identical 

equation  <  =  <,  and  (B)  by  the  equation  of  orbital  velocity  (o  =  m^  I  ^), 
we  get       gt  =z  mu  =^  mf) 


C 


£i)  =  mu  =  mv. . . .  .* D 

^f)  =  mu  =  viv. , E 

Under  the  guidance  of  foregoing  investigations  I  find  the  following  in- 
terpretation for  this  equivalence. 
The  centre  of  gravity  of  the  solar  system  has  a  locus  of  secular  range 

•  lb.  xlv,  807—9. 

t  Substituting  r  for  /,  tlie  equations  g  =  —  and  v  =.  y^^rt  give  v  =  ^^ifM, 
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relatiTely  to  Sun's  centre,  nearly,  and  perhaps  exactly,  equivalent  to  San'g 
diameter.* 

The  two  controlling  bodies  of  the  system.  Sun  and  Jupiter,  are  of  nearly 
equal  density,  and  their  centre  of  gravity,  which  is  also  the  centre  of 
greatest  relative  stability,  has  a  locus  of  relative  secular  range  about  equiva- 
lent to-  ^  of  Sun's  diameter,  its  secular  perihelion,  or  locus  of  primitive 
rupture,  being  at  Sun's  surface.  Tiie  gravitating  motions  beyond  the 
limits  of  the  system,  and  the  asthereal  motions  at  all  points,  should  be  re- 
ferred to  the  centre  of  greatest  stability  ;  but  as  we  approach  that  centre 
the  gravitating  tendencies  towards  Sun's  centre  become  more  and  more 
preponderating.  The  gravitating  motions  are  greatest  at  Sun's  surface, 
where  solar  gravity  (^q),  is  27.83  times  as  great  as  terrestrial  8upei*ficial 
equatorial  gravity  {g^).  In  solar  rotation,  the  particles  are  subject  to  con- 
tinual sethereal  and  gravitating  forces,  referable  to.  the  centre  of  stability 
and  to  Sun's  c^sntre,  respectively. 

Projectile  velocities  at  Earth's  surface,  may  be  represented  either  by  gt 
or  by  y^gh,  t  being  \  the  time  of  flight  and  h  being  twice  the  virtual  rise 
or  fall.  Reasoning  from  analogy  we  may,  therefore,  presume  that  t,  in 
equations  A,  B  and  C,  represents  ^  solar  rotation,  I  represents  the  height 
of  ahoniogeneous  sethereal  atmosphere,  at  Sun's  surface,  which  would  have 
a  wave-velocity  equivalent  to  that  of  light,  and  m  represents  a  minimum 
mohile,  or  constituent  molecule.  These  conditions  are  all  satisfied  by  the 
values,  solar  rojtation  =  25.480  dys  ;  t  =  12.743  dys.  =  1100985  sec; 
f  A  =  688.815  ^gr ;  I  =  modulus  of  light  =  (688.815)''  r  =  2206.5  Earth's 
semi-axis  major  =  73.64  Neptune's  semi-axis  major. 

An  ffithereal  sphere,  rotating  with  velocity  y/gr  at  Sun's  surfac3,  would 
have  V.  at  688.815 r.  If  mu  ==  v.  in  both  cases,  the  densities  would  be  in- 
versely as  the  distances.  In  a  condensing  or  expanding  nebula,  the  nucleal 
radius  varies  as  the  J  power  of  the  atmospheric  or  Laplace  limiting  radius, 
and  in  an  elastic  atmosphere  the  density  varies  geometrically,  with  an  ex- 
ponent inverse  to  the  arithmetical  variation  of  tiie  distances  or  to  the  square 
of  arithmetical  variation  or  vis  viva  of  rotation.  Sun's  mean  distance  is 
23395.4  terrestrial  radii,  and  23395.4  r  -f-  (Jj^  of  688.815  =  60.88  r,  which 
is  the  value  of  Moon's  semi-axis  major,  as  found  by  the  limiting  time-ratio 
of  terrestrial  rotation  to  satellite  revolution,  f 

The  tendency  of  all  movements  in  elastic  media,  either  to  complete  or  to 

liarmonic  synchmnism,  should  introduce  some  simple  relations  of  chemical 

vis  viva  to  vis  viva  of  terrestrial  motion.      The  law  of  Dulong  and  Petit, 

with  Clausius's  modifying  substitution  of  the  square  of  the  molecular 

tcv^ 
velocity  for  the  specific  heat,  may  be  expressed  by  the  equation  -.  -  =  C, 

in  which  w  represents  the  atomic  weight,  v  the  molecular  velocity,  accord- 
ing to  the  kinetic  theory  of  gases,  and  t  the  absolute  temperature.     Since 

*  From  a  priori  consideniti;)iis  I  am  inclined  to  thinly  tliat  the  accordance  is 
exact, 
t  Proc  Am.  Phil.  Soc,  xlx,  0. 
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the  terrestrial  movements  are  either  independent  of  the  absolute  tempera- 
ture, or  standing  in  unknown  relations  to  it,  the  simplest  evidence  of 
equivalent  vU  viva  should  be  sought  at  some  specific  temperature,  and  in 
the  most  typical  and  most  widely  diffused  gases.  We  have  already  seen 
that  the  universal  typical  liquid,  H^O,  furnishes  data  for  a  ready  determi- 
nation  of  Joule's  equivalent,  at  the  mean  temperature  of  solidification 
(2®C  =  85°.6  P);  let  us  examine  the  constituent  typical  gases  (H,0)  at  the 
same  temperature. 
According  to  Clausius,*  the  mean  velocities  of  the  molecules  are  : 

At  0°C.  At  2°C. 

Oxygen.  461  to  =  1514  ft.  464.4  m  =  1525.1  ft. 

Hydrogen,  1844  m  =  6050  ft;.  1857.5  m  =  6094.8  ft. 

Earth's  equatorial  velocity  of  rotation  (1535.78  ft.)  accords  with  the 
molecular  velocity  of  oxygen ;  its  velocity  of  revolution  is  16  times  tlie 
velocity  of  hydrogen.  If  w^  represents  the  atomic  weight  of  any  perfect 
gas  n,  the  velocity  at  2°C  may  be  found  by  the  equation  : 

4vj, 


•-  =    =  =  ^A' 


The  mean  molecular  velocity  of  oxygen  and  hydrogen  (3048.7).  is  to 
Earth's  orbital  velocity,  as  the  square  of  the  time  of  fall  to  the  centre  from 
any  distance  d,  is  to  the  square  of  the  time  of  orbital  revolution  at  d. 

The  following  comparison  with  the  results  of  Cornu's  and  Michelson's 
experimental  determinations  of  the  velocity  of  light,  and  with  my  own 
estimation  of  Sun's  mass  and  distance  from  the  explosive  energy  of  HjO,f 
will  show  the  closeness  of  agreement  between  the  chemical  and  other 
physical  approximations. 


Sun's  Distance. 

Velocity  of  Light. 

Chase.  H,0 

92.689,500  miles, 

186.090  miles  =  299.470  km. 

Michelson, 

92,748,000      " 

186.300     *•      —299.820  '« 

Chase,  H 

92,756,000      *• 

186,320     "      =  299.850  *' 

••       HO 

92,803,000      •• 

186.420     **      —300,000  *' 

u         0 

92,849,000      " 

186,510     "      —300,150  *• 

Cornu, 

92,803,000      *• 

186,420    **      —800,000  •• 

It  may  be  interesting,  in  this  connection,  to  give  two  additional  illustra- 
trations  of  the  tendency  to  harmonic  wave  lengths  in  elementary  spectra, 
of  which  I  have  already  presented  many  evidences,  t 

If  we  take  n  =  ^l^,  we  find  that  Vogel's  wave-lengths, §  of  the  ultra- 
violet lines  in  the  spectrum  of  hydrogen,  are  strictly  harmonic,  as  will  be 

•  Phil.  Mag.,  1857.  xlv,  124. 

t  Proc  Am.  Phil. -Boo.,  1972.  zil.  391. 

X  Proc.  Am.  Phil.  8oc.,  xvll,  109-12,  2a>-301 ;  xvlll,  224-d. 

2  Photographic  Newa,  February  20. 1880. 
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seen  by  tho  following  table.    €oluHin  T  contains   theoretical  harmonie 

wave-lengths  ;  V  contains  Vogel's  measurements  : 

T  V 

«    3968.4  -4-1  =  8988.4  3968 

/5    3968.4  -^  (1  +  C  n)    =  3886.6  3887 

r    8968.4  -i-  (1  4-  10  n)  =  3833.9  8834 

^    3968.4  -f-  (1  4-  18  n)  =  8795.3  3795 

€    8968.4  -5-  (1  +  15  n)  =  3770.  8770 

The  divisors  (/5  =  i4-6n;  r  =  l  +  10  n;  etc.)  give  the  following 
proportions : 

^S-a  :  e-a  :  :  mean  z>.«>.  of  rotation  :  Equatorial  f).f).  of  rotation. 
^-T  •  ^"^  •  •  wave  f).t?.  :  molecular  D.tJ. 
€— <J  :  €-/' :  :  ^-a  :  e— 6f, 

If  we  take  n  =  ^,  Paalzow's  oxygen  lines  ♦  (P)  are  also  nearly  har- 
monic (Tj). 

Ti  T,  P 

602-1-1                 =602.  602.  603. 

602  -i-  (1  +  ?0        =  555.7  558.2  558.2 

602H-(l  +  2n)    =516.  519.2  519. 

602  H-  (1  +  3  71)     =  481.6-  481.1  481. 

602-H(l  +  4n)    =451.5  452.3  453. 

The  numbers  in  column  Tj  are  also  harmonic,  if  we  take  n  =  i\^* 
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Letters  accepting  membership  were  received  from  Mr. 
Ellis  Yarnall,  dated  105  S.  Front  Street,  Philadelphia,  April 
21,1880;  Dr.  Austin  Flint,  Jr.,  New  York  City,  14  West 
33d  Street,  April  21;  Mr.  Joseph  C.  Fraley,  1833  Pine 
Street,  Philadelphia,  April  22;  Mr.  Horace  Howard  Fur- 
ness,  222  West  Washington  Square,  Philadelphia,  April 
24 ;  Rev.  George  Dana  Boardman,  3815  Walnut  Street,  West 
Philadelphia,  April  26 ;  Mr.  J.  Vaughan  Merrick,  Phila- 
delphia, April  27;  Mr.  Wm.  B.  Rogers,  Jr.,  1000  Wahnit 
Street,  Philadelphia,    April  27,  and  Mr.  C.  P.  Patterson, 

*  Monatsber.  der  K.  Akad«  zu  Berlin,  Sept.,  Oct.,  187}^. 
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U.  S.  Coast  and  Geodetic  Survey  Office,  Washington,  D.  C, 
April  21. 

Letters  of  acknowledgment  were  received  from  L.  Riite- 
meyer,  Basel,  May  20,  1880  (100,103) ;  Society  of  Antiqua- 
ries, London,  April  23,  1880  (108,  104);  R.  Astronomical 
Society,  London,  April  15, 1880  (103, 104) ;  Victoria  Insti- 
tute,  London,  April  10, 1880  (103, 104) ;  Royal  Society  of 
Edinburgh,  Sep.  1879  (102) ;  New  Hampshire  Historical 
Society,  Concord,  May  3,  1880  (105);  Essex  Institute, 
Salem,  May  3  (105);  New  York  Historical  Society  (105); 
New  Jersey  Historical  Society,  Newark,  May  3  (105); 
Numismatic  and  Antiquarian  Society  of  Philadelphia,  May 
8  (105),  and  Mr.  Henry  Phillips,  Jr.,  Philadelphia,  April 
29  (105). 

Also,  Postals  acknowledging  the  receipt  of  Proceedings 
No.  105  were  received  from  the  Museum  of  Comparative 
Zoology,  Cambridge  ;  Mr.  Alex.  Agassiz,  Cambridge;  Yale 
College  Library,  New  Haven  ;  the  Astor  Library,  and 
American  Ethnological  Society,  New  York;  Prof.  J.  J. 
Stevenson,  New  York ;  Historical  Society,  Philadelphia ; 
Dr.  T.  Green,  Easton  ;  Mr.  Wm.  B.  Taylor,  Washington; 
Dr.  Robert  Peter,  Lexington,  Ky. ;  Univeraity  of  Cincin- 
nati, Ohio,  and  the  State  Historical  Society  of  Wisconsin, 
Madison. 

Letters  of  Envoy  were  received  from  Dr.  Geo.  Engel- 
mann,  dated  St.  Louis,  April  2"^,  1880,  and  the  Depart- 
ment of  the  Interior,  Washington,  April  29,  1880. 

A  letter  requesting  some  numbers  of  the  Proceedings 
was  received  from  the  "  Verein  fiir  Erdkunde  "  of  Dresden, 
and  was  referred  to  the  Secret uries  with  power  to  act. 

Donations  for  the  Library  were  received  from  the  Gover- 
nor General  of  India ;  Editor  of  the  Zoologische  Anzeiger, 
Leipsig  ;  Dr.  Hugo  Von  Meltzel ;  R.  Accademia  dei  Lincei, 
Rome;  Editor  of  the  Revue  Politique,  Paris;  Societe  de 
Geographic  Commerciale,  Bordeaux  ;  Real  Acadcmia  de  la 
Historia,  Madrid  ;  Royal  Astronomical  Society,  and  Editors 
of  Nature,  London;   Royal  Society  of  Edinburgh;   Essex 
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Institute,  Salem,  Mass. ;  Boston  Society  of  Natural  History  ; 
Museum  of  Comparative  Zoology,  Cambridge;  American 
Antiquarian  Society,  Worcester ;  American  Journal,  New 
Haven ;  American  Chemical  Society,  N.  Y. ;  Histori- 
cal Society,  Numismatic  and  Antiquarian  Society,  Frank- 
lin Institute,  American  Pharmaceutical  Association,  Edi- 
tors of  the  Medical  News,  and  Journal  of  Pharmacy,  and 
Mr.  Henry  Phillips,  Jr.,  Philadelphia;  Dr.  Albert  S.  Gat- 
schet,  Washington  ;  Johns  Hopkins  University,  and  Editors 
of  the  Journal  of  Mathematics,  Baltimore:  Department  of 
the  Interior,  Washington;  University  of  Virginia;  Editor 
of  the  American  Antiquarian,  Chicago ;  Dr.  Geo.  Engel- 
mann,  St.  Louis,  and  the  Ministerio  de  Fomento,  Mexico. 

Mr.  Moncure  Robinson  read  a  biographical  memoir  of  the 
late  Michel  Chevalier. 

Mr.  Henry  Phillips,  Jr.,  presented  for  the  Proceedings  a 
paper  by  Prof.  E.  D.  Cope,  entitled,  "  Second  Contribution  to 
the  History  of  the  Vertebrata  of  the  Permian  Formation  of 
Texas." 

Pending  new  nominations  Nos.  904  and  909  to  916  wore 
read. 

The  Committee  on  the  Michaux  Legacy  reported  that  the 
portrait  of  F.  A.  Michaux  had  been  copied,  and  that  it  was 
now  in  the  room  for  the  inspection  of  the  members. 

Mr.  Fraley  reported  the  receipt  of  the  last  quarterly  inter- 
est on  the  Michaux  Legacy,  amounting  to  $132.42. 

The  President  suggested  the  desirability  of  the  Society's 
now  placing  on  its  walls  a  portrait  of  Dr.  Wood,  deceased, 
the  late  President  of  the  Society. 

On  motion  of  Mr.  J.  S.  Price  it  was  resolved,  that  a  copy 
should  be  made  for  the  Society,  under  the  charge  of  the  Hall 
Committee  and  the  Curators. 

The  President  reported  that  he  had  selected  a  delegation 
from  the  Society  to  represent  it  at  the  approaching  Centen- 
nial of  the  American  Academy  of  Arts  and  Sciences  in  Bos- 
ton, and  that  six  of  those  so  appointed  had  signified  their 
acceptance  and  would  act  in  that  capacity. 

And  the  meeting  was  adjourned. 
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Obituary  notice  of  Michel  Chevalier.    By  Moncure  Robinson. 
{Read  before  the  American  PhilosopJiical  Society,  May  7,  1880.) 

I  come  before  the  Society  for  the  first  time  for  many  years,  in  discharge 
of  a  duty  devolved  on  me  by  you,  the  discharge  of  whicli  revives  in  me 
many  recollections  both  pleasant  and  painful.  The  eminent  political 
economist  and  statesman  of  whom  you  have  requested  me  to  prepare  an 
obituary  notice,  was  not  only  a  member  of  our  Society,  but  one  of  my 
oldest  and  most  attached  friends,  one  whom  I  have  known  Intimately  for 
nearly  half  a  century,  and  for  whom  my  afiection  and  admiration  steadily 
increased,  from  the  period  of  our  first  acquaintance,  to  the  day  of  his  death. 
It  is  not  remarkable  that  it  should  have  been  so,  for  Mr.  Chevalier  was  a 
man  of  heart,  as  well  as  head,  whose  whole  life  was  devoted  to  the  service 
of  his  country  and  his  fellow  men,  and  one  who,  whilst  undemonstrative 
and  apparently  cold  on  a  first  acquaintance,  was  unusually  benevolent  and 
kind  in  his  nature,  and  capable  of  the  warmest  attachments  for  those  whom 
he  thought  possessors  of,  and  appreciative  of,  such  qualities. 

You  will  be  curious  to  know  something  of  the  early  youth  of  such  a  man, 
and  it  is  a  gratification  to  me,  to  be  able  to  give  it  to  you,  in  some  detail. 

Mr.  Chevalier  was  born  at  Limoges,  chef  lieu  of  the  department  of  the 
Haute  Vienne,  the  13th  of  January,  1806.  He  was  the  eldest  son  of  Jean 
Bnptiste  Chevalier  and  of  Marie  Gurand,  both  natives  of  Limoges.  They 
had  four  other  sons,  Auguste,  Eniile,  Martial  and  Gustave,  of  whom  the 
first  three  made  their  names  known,  both  in  their  native  country,  and  other 
lands  ;  the  first  as  Secretary  General  of  the  Presidency,  in  the  days  of  the 
second  Republic  of  France,  from  November,  1849  to  1852 ;  the  second  as 
a  highly  educated  and  accomplished  military  and  civil  engineer,  known  to 
many  of  the  citizens  of  Philadelphia  more  than  forty  years  ago,  when  he 
commenced  the  practice  of  his  profession  as  an  assistant  engineer,  on  the 
Philadelpliia  and  Reading  Railroad,  then  under  construction,  and  who  has 
since  continued  this  career  both  in  Europe  and  America,  and  been  occa- 
sionally occupied  in  missions  of  his  government  in  England,  and  on  the 
Isthmus  of  Panama  ;  the  third,  Mr.  Martial  Chevalier  of  the  French  Con- 
sular Department,  who  was  for  several  years  (within  the  last  ten)  the 
Consul  General  of  France,  at  Quebec,  and  afterwards  at  Havana.  I  bad 
not  the  advantage  of  a  personal  acquaintance  with  the  father  of  these  gen- 
tlemen, who  at  the  time  that  his  distingtiished  son,  Mr.  Michel  Chevalier 
was  making  the  name  an  honored  one  throughout  the  world,  was  only  a  small 
commerqant  at  Limoges,  and  confined  there  constantly  by  his  occupations ; 
but  I  had  the  pleasure,  during  a  visit  to  France  in  1837,  of  seeing  often  the 
mother  of  Mr.  Michel  Chevalier,  and  his  devoted  sister  Pauline  (afterwards 
Madame  Moroche),  and  I  then  learned  the  secret  of  his  rapid  rise  in  public 
estimation  as  a  writer  and  statesman.  But  I  am  proceeding  too  rapidly, 
and  nmst  go  back  a  little,  and  redeem  my  promise  to  tell  you  something  of 
an  earlier  period. 

The  boy  Michel  Chevalier  entered  as  a  boarding  pupil  the  College  of 


1880.1  29  [Robinson. 

Limoges,  at  the  age  of  eleven,  and  made  the  most  brilliant  progress  in  his 
studies.  He  bore  off  nearly  all  the  prizes  in  his  classes,  from  the  day  of  his 
entrance  in  this  institution.  He  was  equally  distinguished  in  both  the 
literary  and  scientific  classes,  but  most  remarked  on,  for  his  attainments  in 
mathematical  science.  His  taste  and  aptitude  for  the  last,  enabled  him  to 
undergo  earlier  than  usual,  the  examination  for  the  Polytechnic  School  at 
Paris,  which  he  entered  in  the  month  of  November.  1828,  at  the  age  of  17, 
one  of  the  first  in  the  list  of  candidates  for  admission  of  that  year.  At  the 
end  of  1826,  he  left  the  Polytechnic  School,  equally  remarkable  for  his  at- 
tainments in  it,  as  at  the  I^yc^e  of  Limoges,  to  enter  as  EUoe  Ingenieur  in 
the  School  of  Mines.  In  1829,  he  obtained  his  degree  of  Engineer  of 
Mines,  and  was  sent  as  Resident  Engineer  to  the  important  department  of 
Valenciennes. 

Had  the  ambition  of  Mr.  Chevalier  been  only  professional,  he  would, 
with  this  starting  point,  have  probably  been  like  his  distinguished  contem- 
porary, Mr.  Le  Play  (the  Commissipner-in-Chlef  of  the  Great  Paris  Expo- 
sition of  1807),  at  an  early  age,  one  of  the  eminent  members  of  the 
profession  of  Mining  engineers  in  Europe  ;  but  his  reading  and  researches 
both  in  the  Polytechnic  School  and  School  of  Mines,  in  Paris,  had  gone 
far  beyond  the  curriculum  of  studies  in  those  institutions,  comprehensive 
as  that  was,  and  including  as  it  did  every  thing  pertaining  to  the  subjects 
taught  in  them.  The  quick  intellect  and  remarkable  memory  of  Mr.  Cheva- 
lier enabled  him,  during  the  six  years  of  study  at  these  grand  institutions, 
the  chairs  of  which  were  then  filled  by  world-renowned  names,  to  spare  time 
for  outside  reading  and  research,  as  well  as  the  preservation  of  the  early 
classical  lore  and  polite  learning  imbibed  by  him  at  the  Lyceum  of  Limoges  ; 
and  his  tastes  were  for  everything  useful  and  ornamental  to  our  race,  but 
especially  for  the  useful,  and  what  would  add  to  the  comforts  of  and  elevate 
the  masses. 

The  revolution  which  dethroned  Charles  X.  and  made  Louis  Philippe 
King  of  the  French,  which,  in  the  language  of  General  Lafayette,  "  made 
Prance  a  Monarchy  with  republican  institutions,"  took  place  in  the  follow- 
ing year  (1830).  Many  now  living  among  us  must  recollect  the  excitement 
throughout  the  civilized  world,  which  followed  this  change.  It  was 
naturally  excessive  in  France,  and  it  is  not  remarkable  that  at  such  a  time 
minds  of  the  highest  order  with  corresponding  aspirations,  were  most  pro- 
foundly agitated.  Mr.  Chevalier  in  his  various  reading  had  been  attnicted 
by  the  writings  and  doctrines  of  St.  Simon,  in  M'hich  at  the  commencement 
there  was  much  to  attract,  as  well  as  to  find  fault  with.  There  was  noth- 
ing like  communism  in  them,  but  the  reverse.  The  leading  maxim  of  St. 
Simon  was,  '*  To  every  one  according  to  capacity,  and  to  every  capacity  ac- 
cording to  its  iDorks,*'  And  it  is  not  surprising  with  such  a  motto  on  its  banner, 
that  St.  Simonism  should  have  found  among  its  votaries,  young  minds  of 
the  highest  ability  and  culture,  and  especially  those  who,  like  Mr.  Cheva- 
lier, believed  that  the  advancement  of  France  in  wealth  and  prosperity, 
would  be  greatly  and  rapidly  promoted  by  improved  lines  of  communica- 
tion, especially  by  a  well  arranged  system  of  railroads,  and  more  freedom 
of  trade  than  existed  previous  to  the  revolution  of  18130. 
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So  it  was,  that  Mr.  Chevalier  ahd  other  distinguished  pupils  of  the  Poly- 
technic Scliool,  and  the  Scliools  of  Bridges  and  Highways,  and  Minos,  be- 
came in  1830  St.  Simonians,  and  he  one  of  tlie  leaders  of  the  sect  and 
editor  of  the  Olohe,  its  organ,  until  its  suppression  by  the  government  in 
1832,  when  Mr.  Michel  Chevalier  as  \\a  Redacteur-enCJief,  was  condemned 
to  imprisonment  for  a  year,  from  which  he  was  released  at  the  expiration 
of  six  months,  and  immediate)}"  appointed  hy  Mr.  Thiers,  then  Minister  of 
Public  Works  (who  had  not  forgoiten  in  the  St.  Simon ian,  the  young  and 
talented  Engineer  of  Mines  of  the  Department  of  the  North),  to  visit  the 
United  States,  to  inquire  minutely  as  to  its  canals  and  railroads,  and  the 
financial  and  banking  systems,  both  of  the  States  and  the  General  Govern- 
ment. 

In  this  mission,  including  a  visit  of  a  few  months  to  Mexico,  Mr.  Che- 
valier occupied  about  two  years  in  1833,  '84  and  '35  ;  and  dur^ig  his  travels 
in  the  United  States,  he  addressed  to  the  Journal  Des  Debats,  from 
different  points  on  his  route,  frequent  letters,  beautifully  written,  exhibit- 
ing large  reflection,  both  on  the  subjects  of  his  mission,  and  others  of  equal 
interest,  and  indicating  with  great  tact  many  industrial  hindrances  in  his 
native  country,  which  he  considered  burdensome.  These  letters,  with 
some  slight  changes,  were  published  in  1836,  in  two  octavo  volumes,  and 
gained  him  immediately  the  spontaneous  plaudits  of  eminent  men  of  both 
continents,  and  a  high  reputation  among  the  writers  and  thinkers  of  Europe. 
Mr.  Gallatin  said  of  them  tliat  they  were  the  most  graphic  and  truest  view 
of  the  social  condition  of  the  United  States  ;  and  tlie  great  Humboldt  wrote 
to  him  that  his  book  might  be  considered  a  treatise  on  the  civilization  of 
the  people  of  the  West.  He  was  indebted  to  this  work  for  an  appointment 
by  the  French  government  on  a  mission  to  England,  in  1837,  to  study 
there,  the  Ciiuses  and  effects  of  the  commercial  crisis,  which  commencing  in 
the  United  Slates  at  the  close  of  1836  had  extended  to  England  in  1837. 
This  mission  proved  an  unfortunate  one  for  him.  A  few  days  after  his  ar- 
rival in  London,  in  returning  from  a  session  of  Parliament  with  Mr. 
Bourqueney,  the  then  Charg^  d' Affaires  of  France  to  England,  in  the  car- 
riage of  the  latter,  the  horses  ran  away  and  upset  the  carriage.  Mr.  Bour- 
queney was  but  slightly  injured  by  the  accident,  but  Mr.  Chevalier 
having  fallen  on  his  head,  Mas  taken  at  once  to  the  house  of  the  French 
Minister,  was  for  several  days  insensible,  and  his  life  for  some  weeks  in 
serious  peril  ;  and  it  was  only  after  passing  several  months  in  the  south  of 
France,  and  at  the  Pyrenean  Baths,  that  his  health  was  sutHciently  re-es. 
tablished  to  admit  of  his  resuming  his  [al)ors. 

At  the  expii-ation  of  a  year  from  his  recovery,  near  the  close  of  1838,  he 
published  his  celebrated  work,  entitled  "  T/m  Material  Interests  of  Fmnee, 
its  Roads,  Canals,  and  Railroads.**  This  work  was,  to  a  great  extent,  a 
programme  of  ameliorations,  many  of  them  suggested  by  him,  soon  to  take 
place,  and  which  made  the  France  of  1850  scarcely  recognizable  by 
travelers  who  had  known  well  the  France  of  1840. 

Such  had  been  the  brilliant  and  useful  career,  and  such  was  the  position 


1880.]  •^l  I  Robinson. 

of  Mr.  Chevalier  in  the  winter  of  1838-39,  when  he  was  scarcely  thirty- 
three  years  of  age.  Honors  and  distinctions  were  tlien  bestowed  on  him 
rapidly.  Appointed  **  Master  of  Requests  "  in  1836,  he  became  successive- 
ly Counsellor  of  State,  member  of  the  Superior  Council  of  Commerce, 
Chief  Engineer  of  Mines,  and  in  1841,  at  the  age  of  8o,  successor  of  the 
celebrated  Rossi,  as  Professor  of  Political  Economy  in  the  College  of 
France.  No  appointment  could  have  been  more  gratifying  to  Mr.  Cheva- 
lier than  this.  His  lectures  were  to  be  on  subjects  familiar  to  him,  to  which 
bis  thoughts  had  been  given  from  the  time  of  his  entrance  in  the  Polytech- 
nic School,  and  it  was  a  labor  of  love  to  him  to  prepare  and  deliver  them. 
Though  the  recipient  since  of  many  distinctions  and  honors,  among  them 
that  of  Senator  of  France  in  1860.  and  charged  with  corresponding  duties, 
and  obliged  occasionally  to  devolve  on  a  substitute  his  duties  as  professor* 
be  continued  to  hold  the  Professorship  of  Political  Economy,  in  the  College 
of  France  until  his  death,  with  the  exception  of  a  brief  period  after  the 
Revolution  of  1848,  when  he  was  deprived  of  his  chair  by  the  Provisional 
government  of  the  day,  but  which  was  restored  to  him  in  the  course  of  a 
few  months  by  a  vote  of  the  National  Assembly. 

Mr.  Chevalier,  though  eminent  as  a  Political  Economist  and  Publicist, 
and  zealous  always  in  promoting  what  he  believed  to  be  the  interests  of 
liis  country,  was  in  no  sense  a  party  man.  He  was  an  admirer  of  Mr. 
Thiers,  and  an  attached  friend  of  Count  Mol^.  successive  Ministers  of 
Louis  Philippe,  but  he  had  no  difficulty  in  opposing  important  measures 
recommended  by  them  as  Ministers,  of  which  he  did  not  approve ;  and  he 
manifested  signally  in  1870  hid  independence  when  he  stood  in  the  Senate 
Chamber  almost,  if  not  altogether  aloue,  in  voting  against  the  Prussian 
War.  When  in  France  in  1867,  on  hearing  his  name  mentioned  as  a  man 
of  pre-eminent  ability  by  a  gentleman  of  influence  in  the  Orleanist  Party, 
and  bearing  one  of  the  renowned  names  of  France,  I  was  tempted  to  ask 
how  it  came  to  pass  that  Mr.  Chevalier  had  not  been  in  the  Cabinet  of  either 
Louis  Philippe  or  Louis  Napoleon.  His  reply  was  simply  *' 11  traverse 
trap  son  chemin,*'  showing  that  in  Empires  and  Monarchies,  as  in  the 
United  States,  those  who  would  be  cabinet  officers  and  dispensers  of 
government  patronage,  must  give  up  to  a  greater  or  less  extent  their  inde- 
pendence of  opinion,  which  conscientious  and  really  able  men  cannot 
readilv  surrender. 

Mr.  Chevalier  was  elected  in  1845  a  Deputy  of  the  Department  of  the 
Aveyron,  and  during  the  same  year  was  married  to  Mile.  Emma  Fournier, 
a  highly  educated  and  accomplished  young  lady,  the  only  daughter  of  a 
larg^e  and  wealthy  manufacturer  of  LodSve  in  the  Department  of  the 
Herault ;  and  in  1851  he  was  elected  a  member  of  the  Institute  of  France, 
in  the  Deimrtment  of  Moral  and  Political  Sciences. 

He  had  thus  attained  at  the  age  of  45,  all  that,  if  a  selfish  or  merely  am- 
bitious man,  he  could  have  desired.  With  an  ample  income  from  the  hon- 
orable positions  held  by  him,  and  occasional  contributions  of  his  well-con- 
sidered views,  on  subjects  of  public  interest,  to  the  regular  pcritidic^ala  and 
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daily  press  of  Paris,  and  his  excellent  wife  (as  the  future  prov^  her  to  be) 
the  almost  certain  inheritor  of  a  large  estate,  there  was  every  temptation  to 
him,  laboring  as  he  did  under  the  disadvantage  of  a  very  delicate  constitu- 
tion, to  spare  himself  in  the  future  ;  but  his  mind  and  heart  were  of  that 
order  wliich  considers  nothing  done  whilst  anything  remains  to  be  done, 
for  his  country  and  humanity  ;  and  he  regarded  the  advantages  attained  by 
him  in  the  prime  of  life,^  only  as  stepping  stones  to  increased  usefulness. 

In  1852,  as  Counsellor  of  Slate,  Mr.  Chevalier  was  placed  in  the  section 
of  Public  Works. 

In  1855,  he  acted  as  President  of  the  French  section  of  the  World's  Ex- 
position of  that  year  in  Paris ;  and  for  the  ten  years  l}etween  1860,  in 
which  year,  as  above  observed,  he  was  made  Senator,  to  1870,  when  the 
Empire  ceased  to  exist,  he  took  an  important  part  in  all  discussions,  in  and 
out  of  the  Senate,  pertaining  to  financial  and  industrial  questions.  The 
most  signal  and  important  service  rendered  by  him  to  his  country  during 
this  period,  was  the  commercial  treaty  of  1880  between  France  and 
England.  Of  this  treaty,  his  son-in-law,  Mr.  Paul  Leroy  Beaulieu.  a  mem- 
ber of  the  Institute,  and  the  distinguished  Rediictearen-Chef  of  the 
Econamiste  Fram^aii,  in  the  number  of  that  Journal  of  the  6th  of  De- 
cember last,  says : 

'*The  conception  of  the  treaty  of  1830  was  due  entirely  to  Mr.  Michel 
'•Chevalier.  It  was  he  who  of  his  own  sole  motion,  without  any  official  mls- 
'*  sion,  went  to  England  to  see  Cobden  and  Bright,  to  propose  to  them  an 
"  arrangement  in  this  vray.  Cobden  had  at  first  some  hesitations.  A  treaty 
"  of  commerce  appeared  to  him  a  compromiis,  contrary  to  true  economicjil 
'•doctrines.  Mr.  Michel  Chevalier  converted  him,  and  then  addressed 
••himself  to  Mr.  Gladstone.  Assured  of  the  cooperation  of  the  English 
"Government.  Mr.  Chevalier  then  returned  to  France,  explained  his 
*'  views  to  the  Emperor,  and  obtained  his  support  of  them.  Several  of  the 
**  Ministers  of  that  date  were  nevertheless  opposed  to  a  step  so  deci<*ive  in 
'•the  way  of  commercial  liberty,  but  Mr.  Rouher  comprehended  the  great 
"  usefulness  and  productiveness  of  the  projected  treaty  of  Mr.  Chevalier. 
"Thus  this  great  work,  the  treaty  of  1860,  which  marks  a  new  evolution 
"  in  the  economical  relations  of  nations,  was  in  its  principles,  as  well  as  its 
•'  initiation,  a  private  one  due  to  the  inspiration  of  Michel  Chevalier  and  the 
"adhesion  of  Richard  Cobden.  Nearly  twenty  years  have  passed  upon  the 
"treaty  of  1860,  twenty  years  which  will  be  counted  as  among  the  most 
••agitated  of  History.  The  War  of  Secession  of  the  United  States,  the 
'*  War  of  1836,  the  French  and  German  War,  have  disturbed  the  conditions 
'•  of  the  experiment  of  commercial  liberty.  Nevertheless,  in  spite  of  all  these 
•'disturbing  elements,  all  the  losses  of  capital,  and  all  the  uncertainties 
•'  which  have  during  this  period  been  the  consequence  of  these  great  in- 
"ternational  conflicts,  the  reform  of  I860  has  proved  to  be  a  beneficent 
• '  one  ;  it  has  been  so  to  such  an  extent,  that  though  this  treaty  has  been 
"  denounced  for  nearly  ten  years,  nothing  has  yet  l>ecn  found  to  substitute 
"  it.     It  has  been  prorogued  from  year  to  year  without  the  power,  without 


1880.]  33  [Robinson, 

"  daring  to  modify  it.    What  might  have  been  its  results,  had  the  experi- 
'*  ment  been  made  in  a  period  of  peace,  like  that  between  18 L5  and  1848?" 

It  was  certainly  due  to  this  treaty  which  had  been  so  effective  during 
the  previous  ten  years,  in  connection  with  her  admirable  system  of  rail- 
roads in  developing  her  resources  and  increasing  Jier  wealth,  that  France 
was  enabled  to  recover  so  rapidly  from  the  results  of  the  Prussian  War, 
and  to  exhibit  before  the  end  of  the  next  ten  years,  a  picture  of  prosperity 
surpassed  by  that  of  no  other  country  in  Europe. 

The  above  extract  from  the  Economists  Fram^ais  reminds  me  of  a  mis- 
apprehension in  this  country  of  the  views  of  Mr.  Chevalier  on  the  subject 
of  free  trade,  which  I  will  avail  myself  of  this  opportunity  to  correct. 
The  visit  of  Mr.  Chevalier  to  the  United  States  in  1833,  had  the  effect  of 
modifying  very  materially  his  views  on  many  subjects.  Previous  to  this  visit, 
I  think  it  not  unlikely  that  the  great,  and  in  many  cases,  absurd,  hindrances 
in  France  in  the  way  of  exchanges,  both  at  home  and  with  other  countries, 
may  have  caused  him  to  have  entertained  extreme  free  trade  views ;  but 
Mr.  Chevalier  was  a  man  of  profound  reflection,  aiming  at  truth  on  that 
and  every  other  subject  to  which  his  thoughts  were  directed,  and  eminently 
practical  in  his  conclusions.  After  his  return  to  France  in  1835,  the  sub-' 
ject  which  first  occupied  his  attention  more  than  any  other,  was  that  of  im- 
proved communications  by  canals  and  railroads,  and  it  has  been  most  for- 
tunate for  his  country,  that  the  programme  of  these  given  in  his  great  work 
published  in  1838,  on  **The  Material  Interests  of  France,**  was  so  closely 
followed.  He  abhorred  the  idea  of  allowing  free  competition  to  the  extent 
admitted  in  England  as  well  as  in  America  in  canals  and  railroads,  believ- 
ing the  plan  of  giving  an  act  of  incorporation  for  either,  to  any  association 
asking  it,  as  not  only  permitting  an  unnecessary  waste  of  the  capital  of  the 
country,  to  an  immense  extent,  and  destructive  of  confidence  in  such  in- 
vestments, but  as  impairing  the  power  of  really  valuable  works  to  provide 
such  accommodations  for  the  public  at  fair  rates,  as  they  could  otherwise 
afford,  and  as  it  would  be  to  their  interest  to  give,  as  well  as  the  policy  of  the 
government  to  require.  He  believed,  in  short,  in  the  right  of  eminent  do- 
main being  used  only  in  the  case  of  improvements  of  decided  value,  and 
when  used,  in  the  rights  of  the  public,  being  in  all  cases  carefully  guarded, 
and  the  accommodations  of  the  improvement  afforded  ut  the  lowest 
charges  consistent  with  a  fair  remuneration  to  its  owners  ;  objects  which 
could  not  be  united  under  a  system  of  free  competition.  As  a  consequence 
of  the  adoption  of  these  views  by  his  countrymen,  there  is  no  country  in 
the  world  where  so  small  a  proportion  of  the  capital  invested  within  the 
last  forty  years  in  canals  and  railroads,  has  been  wasted,  or  where  traveling 
is  safer,  or  in  which  travel  and  trade  are  accommodated,  at  more  reasonable 
rates  than  in  France. 

It  was  impossible  for  one  entertaining  such  views  in  regard  to  improved 
communications  to  be  a  reckless  free-trader;  and  Mr.  Chevalier,  I  have 
reason  to  believe,  was  on  the  subject  of  international  commerce  as  conser- 
vative in  his  views,  as  he  was  in  regard  to  railroads  and  canals.   He  believed 
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in  the  adoption  of  protective  duties  to  a  moderate  extent  for  nascent  Indus- 
trieH,  as  in  a  patent-riglit  or  a  copy-riglit  for  a  limited  time,  for  the  protec* 
tion  of  an  author  or  inventor,  and  in  the  propriety  of  such  duties  as  might 
be  necessary  to  keep  up  a  few  industries  essential  to  the  defence  of  a  coun- 
try in  time  of  war ;  but  beyond  tliis,  he  considered  the  protection  given  by 
a  tariff  based  on  revenue  principles,  all  that  was  Justifiable  or  Judicious. 
Practical  as  he  was  in  all  things,  I  have  little  doubt  that  his  preference  for 
an  arrangement  by  a  treaty  between  England  and  France,  instead  of  the 
action  of  the  legislative  bodies  of  the  two  countries,  was  founded  on  the 
idea  that  what  was  advisable  in  the  way  of  protection  for  each  country, 
might  best  be  effected  by  treaty. 

Mr.  Chevalier's  connection  with  governmental  affairs  ceased  with  the 
Empire  in  1870,  and  he  consecrated  himself  for  some  time  afterwards,  to 
his  duties  as  Professor  in  the  College  of  France,  and  as  member  of  the  In- 
stltut(i ;  but  his  taste  for  great  and  useful  enterprises  continued,  and  he  de- 
voted himself  in  1875,  with  his  accustomed  zeal,  to  carrying  out  one  of  his 
engineering  conceptions,  that  of  a  submarine  railroad  between  Calais  and 
Dover,  as  a  means  of  binding  together  more  closely  France  and  England. 
He  organized  during  this  year  a  society  for  the  purpose  of  making  examina- 
tions in  reference  to  the  work,  of  which  the  Messrs.  Rothschild  Brothers, 
and  the  railroad  companies  of  the  North,  were  members.  This  Society,  of 
which  he  was  the  initiator,  and  of  which  he  continued  until  his  death  the 
President,  obtained  of  the  government  a  concession  of  the  submarine  rail- 
road, and  Mr.  Chevalier  entered  on  the  examination  of  the  bed  of  the 
(channel,  and  an  ascertainment  of  the  stmta  underneath,  with  that  ardor 
and  perseverance  which  were  parts  of  his  nature.  He  had  communicated 
with  me  as  an  old  friend  and  copfrere,  when  he  first  conceived  the  idea 
of  the  work,  as  to  its  practicability,  and  sent  me,  from  time  to  time, 
litliographed  copies  of  the  soundings,  and  statements  as  to  the  character  of 
tlio  chalk  formations,  found  at  various  depths  below  the  level  of  the  sea,  on 
the  line  of  the  tunnel  on  both  sides  of  tlie  Channel,  which  up  to  the  time 
of  IiIh  death,  were  highly  favorable.  But  the  events  in  the  East,  and  the 
condition  of  things  in  England  within  the  last  three  years,  have  prevented, 
ho  far,  the  work  itself  being  entered  on,  and  it  may  not  for  some  lime,  or 
perliupH  never,  be  executed  ;  but  if  it  should  be,  the  name  of  Mr.  Cheva- 
lier will  be  always  connected  with  it,  as  its  first  projector  and  promoter. 

Tills  and  other  plans  for  the  benefit  of  his  country  and  the  world,  occu- 
pied. I  might  say,  to  the  last  moments  of  his  life,  the  thoughts  of  Mr. 
Chtwalier.  I  H|)eak  knowingly  (m  the  subject,  having  been  a  recipient 
during  IiIm  last  and  fatal  illness  (after  it  had  progressed  to  the  point  that  he 
I'Dulil  write  only  in  a  recumbent  posture),  of  eight  letters  in  less  than  six 
weeks,  in  wliich  the  submarine  tunnel,  and  other  subjects  of  public  con- 
(r.in,  wi«re  rofiMred  to,  and  discussed  by  him.  In  one  of  them,  he  speaks 
of  lui  dxperiinent  he  is  making  on  his  estate  in  the  South  of  France,  of 
growing  American  grape  vines  for  the  purpose  of  engrafting  French  gi*ape 
vint^H  on  Atn<Tican  slocks,  as  a  means  of  arresting  the  Phyloxera,  at  pres- 
ent HO  (icHtructlve  to  the  great  wine  industry  of  France  ;  and  I  find  from 
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the  obituary  notice  of  Mr.  Paul  Leroy  Beaulieu  in  the  Economiste  Fran- 
i;aU,  from  which  I  have  made  an  extract  on  a  previous  page,  that  from 
his  bed  of  suffering  on  the  evening  preceding  the  day  of  his  death,  he 
directed,  as  President,  a  letter  to  the  submarine  railroad  association,  so  im- 
possible it  was  for  him  to  avoid  thinking  (or  acting)  on  subjects  which  in- 
terested him  I 

*  The  life  and  lal)or8  of  Mr.  Chevalier  ended  on  the  28th  of  November 
last.  He  died  the  morning  of  that  day,  at  his  country  residence,  Mont 
Plaisir,  near  LodSve,  in  his  74th  year,  which  would  have  been  reached  on 
the  13th  of  January  of  the  present  year. 

I  venture  to  translate  from  a  letter  from  his  affectionate  and  lovely 
daughter,  Madame  Paul  Leroy  Beaulieu,  written  me  on  the  2d  of  Decem- 
ber, four  days  later,  the  portion  communicating  the  sad  intelligence  of  his 
death.  '*When  (says  Madame  Beaulieu)  my  father  received  your  last 
letter,  he  was  already  confined  to  his  bed,  from  which  he  was  no  more  to 
rise.  His  ankle  was  being  rapidly  cured,  but  as  the  cure  of  the  ankle  pro- 
gressed, there  came  on  successively  a  rheum,  derangement  of  the  stomach, 
and  aftes  in  the  mouth,  all  ills  which  under  other  circumstance  would 
easily  have  been  borne,  but  which  were  too  much  for  a  frame  for  some  years 
enfeebled. 

"My  poor  father  died  on  the  28th  of  November,  after  four  weeks  of  suf- 
fering, and  an  agony  of  twenty -six  hours.  He  preserved  his  consciousness 
until  within  a  few  hours  of  his  death. 

"All  the  physicians  whom  we  have  consulted,  concur  in  opinion  that 
his  health  had  been  uted  vphy  his  labors  ;  and,  in  spite  of  all  the  watchflil 
care  which  surrounded  him,  especially  that  of  my  mother,  who  never  left 
him  night  or  day  for  more  than  two  years,  the  Almighty  has  not  allowed 
us  to  preserve  him. 

"I  have  thought,  dear  sir,  that  these  details  in  regard  to  so  old  and 
sincere  a  friend,  would  be  of  interest  to  you,  and  for  this  reason  I  have 
written  you. 

"  I  wish  also  to  say  to  you  that  all  those  whom  my  father  has  loved  are 
dear  to  us,  and  that  we  will  be  happy  to  learn  that  the  painful  trials  we  are 
undergoing,  have  been  spared  to  them." 

Mr.  Chevalier's  life  was  in  fact  one  of  almost  constant  mental  labor,  from 
bis  childhood  to  his  death.  This  was  so  much  his  normal  condition,  that 
even  at  his  hospitable  home,  he  appeared  oflen  dintrait  and  silent  when 
thinking  over  something  said  by  a  guest  which  struck  him  as  worthy  of 
consideration,  but  in  regard  to  which  he  was  not  at  the  moment  prepared 
to  express  his  concurrence,  or  dissent.  That  he  was  not  unobservant,  was 
evident  from  his  accurate  and  minute  recollection  of  men  and  things.  He 
had  one  of  the  most  retentive  memories  I  have  ever  known,  and  seldom, 
I  think,  forgot  anything  he  had  seen  or  read,  worthy  of  thought  or  remem- 
brance. 

With  such  varied  ability,  and  such  a  taste  for,  and  power  of,  labor,  few 
subjects  worthy  of  it  escaped  his  attention,  or  were  left,  if  within  his  pur- 
view, untouched  by  his  pen.     In  one  respect  he  was  exceptional,  and 
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perhaps  stood  alone,  among  the  writers  of  his  epoch.  This  was  his  rare 
union  of  a  mind  eminently  scientific,  with  a  beautiful  imagination.  This 
combination  of  what  are  usually  deemed  opposite  mental  traits,  is  apparent 
frequently  in  his  writings,  but  is  perhaps  most  apparent  in  his  letters  on 
North  America,  and  in  a  smaller  work  published  in  1863,  on  **  Ancient 
and  Modern  Mexico. " 

With  so  quick  an  intellect,  so  fine  a  memory,  and  love  of  and  capacity 
for  labor,  a  great  deal  was  written  by  Mr.  Chevalier  during  the  last  half 
century,  besides  the  works  mentioned  in  this  memoir.  Independently  of 
his  letters  from  America  which  first  attracted  attention  to  him  as  a  writer, 
he  published  in  1840,  a  large  work  on  the  "  Lines  of  Communication  and 
Public  Works  of  the  United  States,"  with  an  accompanying  atlas  (two 
volumes  in  quarto  and  the  atlas  in  folio),  which  has  never  been  translated 
in  English,  but  which  made  the  internal  improvements  of  the  United 
States,  at  that  time,  better  and  more  accurately  known  to  Europeans  than 
they  were  to  ourselves.  His  lectures  at  the  College  of  France  and  other 
works  on  Political  Economy,  and  his  brochures  on  Gold  and  Currency,  are 
well  known  to  readers  on  those  subjects.  In  addition,  he  gave  to  the  world 
a  magnificent  introduction  to  the  reports  of  the  International  Exposition 
of  1867,  and  was  a  co-laborer  during  the  whole  period  in  the  principal 
periodical  journals  of  France,  as  well  as  a  contributor  of  able  articles  on 
subjects  of  the  day  to  the  Journal  Des  Debats, 

On  the  1st  page  of  this  memoir,  I  mentioned  having  had  "the  pleasure 
during  a  visit  to  France  in  1837,  of  seeing  the  mother  of  Mr.  Chevalier, 
and  his  devoted  sister  Pauline  (afterwards  Madame  Moroche)  and  learned 
then  the  secret  of  his  rapid  rise  in  public  estimation,  both  as  a  writer  and 
statesman." 

Mr.  Chevalier  and  myself  were  in  Paris,  students  of  our  respective  pro- 
fessions, in  the  years  1825,  1826,  and  1827,  but  did  not  meet  there  at  that 
time.  Our  acquaintance  commenced  when  he  visited  this  country  on  his 
mission  from  Mr.  Thiers  in  1833.  He  then  brought  me  a  letter  from  one  of 
our  Paris  cotemporaries,  asking  my  assistance  to  him  in  his  objects,  which 
it  gave  me  pleasure  to  render.  Tlie  more  I  saw  of  him  the  more  interest- 
ing I  found  him,  and  when  he  led  America  to  return  to  France  in  1835, 
we  had  become  attached  friends.  When  I  afterwards  visited  Paris  in  1837, 
he  was  one  of  the  first  persons  to  call  on  me,  and  I  was  made  literally  at 
home,  whenever  I  could  spare  time  to  visit  him,  in  his  modest  apartment, 
I  forget  the  street,  and  number ;  but  it  was  not  far  from  mine,  which  was 
at  the  Hotel  de  Londrcs  in  the  Platte  Vendome. 

Instead  of  the  apparUment  de  garqon  in  which  I  had  expected  to  find  my 
friend,  I  found  his  remarkable  mother,  and  his  sister  Pauline  and  young 
brother  Martial,  residing  with  him ;  the  two  first,  to  relieve  him  of  the 
trouble  of  taking  care  of  himself,  and  thereby  leave  him  more  time  for  his 
studies  and  labors,  as  well  as  to  make  his  time  more  pleasant  in  the  brief 
intervals  he  allowed  himself  for  recreation  ;  and  the  younger  brother 
brought  with  them  to  have,  under  the  guardianship  of  his  mother  and 
sister,  the  advantages  of  Paris  training  without  its  perils. 
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Cordially  received  as  I  always  was  by  every  member  of  this  little 
household,  I  soon  discovered  In  the  gentle,  affectionate  and  unpretending 
mother  of  the  Chevaliers,  a  lady  of  remarkable  mind  and  energy,  whose 
ambition  it  was  to  make  every  sacrifice,  and  to  do  everything  in  her  power 
to  forward  the  honorable  aspirations  of  her  sons,  and  especially  of  Mr. 
Michel  Chevalier  the  eldest. 

I  had  a  few  months  later,  on  the  occasion  of  his  dangerous  accident  at 
London,  a  proof  of  the  devotion  of  his  young  sister  Pauline.  Mr.  Cheva- 
lier and  myself  occupied  at  the  time  of  its  occurrence  a  common  parlor 
with  adjoining  chambers  at  Long's  Hotel.  How  the  news  of  the  accident 
reached  Paris  so  soon,  I  have  never  known.  Electric  telegraphs  had  not 
been  introduced  to  any  extent,  and  the  only  roads  which  then  existed  be- 
tween Paris  and  London  were  the  French  paved  turnpikes  and  English 
McAdamized  roads  ;  but  on  the  third  or  fourth  night  after  its  occurrence 
[a  shorter  time  than  a  reply  to  my  letter  to  the  family  announcing  it  could 
have  been  received  by  me],  I  was  awakened  at  4  a.  k.  by  a  loud  knocking 
at  the  door  of  my  chamber,  which  proved  to  be  from  Mile  Pauline  and 
her  brother  Auguste,  who  on  hearing  of  the  accident,  rushed  to  London  as 
fast  as  the  Malleposte  in  France  and  post-horses  in  England  could  carry 
them,  to  nurse  their  brother  Michel ;  and  who,  after  hearing  my  account 
of  it,  went  at  once  to  the  French  Embassy,  and  remained  there  constantly 
with  him,  until  he  could  be  removed  without  hazard,  to  Paris. 

One  can  scarcely  imagine  surroundings  more  favorable  to  high  develop- 
ment in  an  elevated  and  affectionate  nature,  than  were  those  of  Mr.  Che- 
valier in  his  modest  Paris  apartment,  of  which  I  have  given  a  glimpse  only, 
in  the  above  paragraphs. 

Before  closing  this  obituary  notice,  I  should  say  a  few  words  of  Mr. 
Chevalier  in  private  life.  I  have  never  known  more  beautiful  family  rela- 
tions than  those  which  existed  in  his  household.  But  the  extract  from  the 
letter  of  Madame  Leroy  Beaulieu  given  in  this,  brief  as  it  is,  tells  what 
these  were,  better  than  anything  which  I  could  say  on  the  subject.  Few 
persons,  I  think,  knew  or  understood  Mr.  Chevalier  better  than  myself, 
and  I  can  truly  say  that  his  nature  was  a  most  kindly  and  affectionate  one 
to  everybody ;  but  no  one  could  surpass  him  in  his  willingness,  however 
occupied,  to  aid  and  assist  young  men  desiring  his  counsel  and  advice  in 
the  opening  of  their  careers.  On  this  subject,  I  recollect  hearing  his  ex- 
cellent mother-in-law,  Madame  Fournier,  complain  of  his  good- hearted ness 
in  being  willing,  notwithstanding  his  unremitting  labors,  to  give  his  time 
and  advice,  as  well  as  pecuniary  aid,  to  any  one  asking  his  assistance  or 
counsel ;  and  through  life  he  enjoyed  the  reputation  of  unusual  benevo- 
lence. In  the  language  of  Mr.  Paul  Leroy  Beaulieu,  from  whom  I  have 
several  times  quoted  in  this  notice,  he  looked  usually  at  the  best  side  both 
in  men  and  things.  He  believed  in  Providence,  in  the  definitive  triumph 
of  the  good  and  true.  His  mind  thus  anchored,  manifested  increased  re- 
sources under  exigencies,  and  he  found  himself  preserved  under  the  most 
difficult  circumstances  from  all  discouragement. 
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Second  Contribution  to  the  History  of  the  Vertebrata  of  the  Permian  Forma- 
tion of  Texas,     By  E.  D,  Cope,* 

(Bead  before  the  American  Philosophical  Society,  May  7,  1880.) 

Since  my  synopsis  of  this  subject,  published  in  May,  1878,  the  accession 
of  much  new  material  had  enabled  me  to  make  a  number  of  important 
additions  to  it.  Notes  which  record  some  of  these  may  be  found  in  the 
American  Naturalist  for  September  and  December,  1878,  and  for  April 
and  May,  1880.     The  substance  of  these  is  included  in  the  present  essay. 

At  the  meeting  of  the  National  Academy  of  Sciences,  held  in  New  York, 
in  November,  1878, 1  pointed  out  that  the  scapular  arch  in  the  Pelyeosauriaj 
consists  of  scapula,  coracoid  and  epicoracoid,  which  form  a  continuum  in 
the  adult,  in  the  same  way  as  the  three  elements  of  the  pelvis  in  tlie  same 
group  form  an  os  innominatum.  The  tibiale  and  centrale  of  the  tarsus 
unite  to  form  an  astragalus  which  has  no  movement  on  the  tibia.  The 
fibulare  forms  a  calcaneum.  The  distal  side  of  the  astragalus  presents 
two  faces,  one  of  which  receives  a  large  part  of  the  proximal  extremity  of 
the  cuboid. 

The  structure  of  the  scapular  and  pelvic  arches  is  identical  with  that 
already  described  by  Owen  as  belonging  to  the  Anomodontia.  Several  im- 
portant characters  distinguish  this  group  from  the  Pelycosauria,  but  the 
two  together  form  an  order  which  I  have  thought  must,  for  the  present  at 
least,  be  retained  as  distinct  from  the  Bhynchocephalia.  The  characters 
of  this  order,  with  its  two  suborders,  are  as  follows  : 

TuEROMORPHA  Cope.  Scapular  arch  consisting  at  least  of  scapula, 
coracoid  and  epicoracoid,  which  are  closely  united.  Pelvic  arch  consisting 
of  the  usual  three  elements,  which  are  united  throughout,  closing  the  obtu- 
rator foramen  and  acetabulum.  Limbs  with  the  phalanges  as  in  the  am- 
bulatory types.  Quadrate  bone  proximally  united  by  suture  with  the 
adjacent  elements.     No  quadratojugal  arch. 

Pelycosauria.  Two  or  three  sacral  vertebne  ;  centra  notochordal ;  inter- 
centra  usually  present.     Dentition  full. 

Anomodontia.  Four  or  five  sacral  vertebrcB ;  centra  not  notochordal ;  no 
intercentra.     Dentition  very  imperfect  or  wanting. 

The  Bhynchocephalia  have  no  distal  ischio-pubic  symphysis,  and  appar- 
ently no  epicoracoid  bone.  They  have  an  obturator  foramen,  and  a  quad- 
ratojugal arch. 

The  order  Tlieromorpha  approximates  the  Mammalia  more  closely  than 
any  other  division  of  Beptilia,  This  approximation  is  seen  in  the  scapular 
arch  and  humerus,  which  nearly  resemble  those  of  the  Monotremata, 
especially  Echidna;  and  in  the  pelvic  arch,  which  Owen  has  shown  in  the 
sub-order  Anomodontia  to  resemble  that  of  the  Mammals,  and  as  I  have 

*  Abstract  read  before  tho  National  Academy  of  Sciences,  April  20, 1880. 
t  See  Proceed.  Amer.  Pbllos.  Soc.,  1878,  p.  611  and  diiSi, 


1880.]  39  [Cope. 

pointed  out,  especially  that  of  Echidna.  The  tarsus  is  also  more  mamma- 
lian than  in  any  other  division  of  reptiles.  In  the  genus  Dimetrodon  the 
coracoid  is  smaller  than  the  epicoracoid,  as  in  Monotremes.  The  pubis 
has  the  foramen  for  the  internal  femoral  arterv. 

A  not  less  remarkable  characteristic  of  the  Pelyeosauria,  as  represented  by 
Clsptydrops  and  DitMtrodon,  is  their  resemblance  to  the  Batrachia  in  some 
important  respects.  This  is  seen  in  the  scapular  and  pelvic  arches,  which 
resemble  very  much  those  of  the  Urodela,  and  of  such  types  as  Eryops. 
The  small  coossified  coracoid  only  differs  from  that  of  Eryopt  in  having 
two  deep  sinuses  of  its  fVee  border.  The  general  form  of  the  i>elvis  is 
similar,  but  the  ilium  has  a  special  and  peculiar  articular  face  for  the  sacral 
diapophysts,  which  is  wanting  in  Eryops.  In  the  inferior  arches,  the  ab- 
sence of  obturator  foramen,  and  general  boat-like  form,  are  the  same  in 
both ;  but  in  the  Pelycosauria  the  symphysis  is  not  so  deep,  and  the  walls 
less  massive.  But  the  resemblance  of  these  arches  to  those  of  the  Ba- 
tr€ichia  in  question  is  greater  than  to  those  of  any  order  of  reptiles. 

Another  point  of  resemblance  to  the  Batrachia  is  seen  in  the  humerus. 
In  my  previous  essa}'  on  the  Pelycosauria  above  cited,  I  defined  six  types 
of  humerus  as  occurring  in  the  Texas  Permian.  Two  of  these  were  de- 
scribed as  wanting  the  foramen,*  while  the  others  were  stated  to  possess  it ; 
other  dilferences  between  these  types  exist,  but  they  were  not  mentioned. 
Since  then  Gaudry  has  added  a  third  form  to  the  former  group,  which  he 
has  ascribed  to  a  reptile  under  the  name  of  Euchirosauru*.  1  have  detected 
this  form  in  my  Texas  collections  together  with  another,  which  has  no 
condyles  at  either  extremity.  Thus  eight  forms  of  humerus  are  found  in 
this  formation . 

That  the  type  with  the  supracondylar  foramen  belongs  to  the  Pelycosauria 
has  been  satisfactorily  shown  by  its  presence  in  the  skeleton  of  CUpsydrops 
natalis  and  in  Cynodraco  major,  where  Owen  first  identified  it.  I  find  the 
type  without  this  foramen  frequently  associated  with  the  skeletons  of 
Eryops,  and  other  Slegocephuli,  There  is  no  other  element  that  can  be  re- 
garded as  the  humerus  of  this  type.  It  moreover  has  distinct  points  of 
resemblance  to  the  humerus  of  existing  Batrachia,  parallel  with  similarity 
traceable  in  the  femora  of  the  extinct  and  recent  genera.  There  is  then 
every  reason  for  believing  that  we  have  in  the  humerus  of  Eryops  and  its 
allies,  an  element  which  approaches  closely  in  its  characters  to  that  of  the 
Pelycosauria,  and  hence  to  that  of  the  Monoiremata. 

There  are  some  other  peculiarities  which  constitute  resemblances  of  the 
same  kind.  The  tooth  bearing  elements  of  the  roof  of  the  mouih  have 
batrachian  character.  Such  is  the  densely  packed  body  of  teeth  seen  in 
Dimetrodon;  and  so  are  the  teeth  on  the  vomer  in  Empedocles,  There  is 
also  a  possible  existence  of  epiphyses,  judging  from  various  specimens  of 
humeri  in  my  possession  of  both  Pelycosauria  and  Stegoccphalous  forms. 

In  spite  of  these  approximations,  the  Pelycosauria  are  distinctively  rep- 

*  This  word  wuh  mlsprlulcd  **  fossa  "  1.  c.  p.  629. 
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tilian  in  their  single  occipital  condyle,  ossification  of  the  basicranial  carti- 
lage, and  single  vomer. 

Thus  the  reptiles  and  batrachia  of  the  Permian  period  resembled  each 
other  and  the  Mammalia,  more  closely  than  do  the  corresponding  existing 
forms. 

PELYCOSAURIA. 
THEROPLEURA  Cope. 

PaleoDtological  Bulletin  No.  29,  May,  1878,  p.  519,  Proceed.  Amer. 
Philos.  Soc.,  1878,  p.  519. 

A  more  complete  specimen  of  the  Th«ropUura  uniformit  than  any 
hitherto  obtained  gives  the  following  generic  characters. 

The  teeth  are  generally  similar  to  those  of  Clepsydropt  and  Dimetrodon, 
having  compressed  crowns  with  fore  and  aft  cutting  edges.  The  incisors 
are  distinguished  by  the  presence  of  a  diastema.  Posteriorly  to  this  the 
teeth  increase  in  size,  and  then  diminish ;  one  tooth  near  the  middle  of  the 
series  is  the  largest,  but  does  not  in  this  species  very  much  exceed  thQ 
others.  There  is  at  least  one  large  incisor  tooth.  The  bones  of  the  head 
are  smooth,  and  not  sculptured  ;  a  character  distinguishing  the  genus  from 
Bctoq/Twdon.    The  symphysis  of  the  mandible  is  short. 

The  neural  arches  of  the  vert^brse  are  all  distinct  from  the  centra.  In- 
tercentra  are  not  present  in  any  of  the  thirteen  vertebne  preserved,  but 
there  was  probably  one  below  the  centrum  of  the  atlas.  The  ribs  are  two- 
headed,  the  capitular  process  extending  downward  to  the  anterior  border 
of  the  centrum.  The  neural  spines  of  some  of  the  vertebrae  are  greatly 
elevated  as  in  the  species  of  CUpspdrops  and  Dimetrodon.  The  scapula  is 
long ;  the  ilium  is  similar  to  that  of  the  genera  named.  A  character 
which  has  not  been  detected  in  either  of  the  genera  named  is  the  presence 
of  dermal  rods,  which  from  their  position  adherent  to  the  vertebrae,  I  sus- 
pect to  be  abdominal,  and  similar  to  those  of  the  genus  O'estocephalus. 
This  is  a  batrachian  character.  The  neural  spine  of  the  axis  is  extended 
fore  and  aft.  The  odontoid  is  distinct  and  is  of  large  size.  It  has  lateral 
and  inferior  articular  surfaces. 

Theropleura  uniformis  Cope. 

Paleontological  Bulletin  No.  29,  p.  519,  1878. 

This  species  is  about  the  size  of  one  of  the  larger  Varanida,  and  about 
equal  to  the  Clepsydrops  natalis.  It  is  characterized  by  a  long  and  acuminate 
head,  with  a  large  lateral  nostril  on  each  side,  well  forwards,  and  approach- 
ing near  the  border  of  the  diastema.  In  the  specimen  the  top  of  the  head 
is  crushed  and  the  postorbital  portion  is  wanting.  Anterior  to  the  large 
lateral  tooth  there  are  nine  teeth  ;  posterior  to  it  there  are  eighteen.  The 
anterior  cutting  edce  of  the  crown  does  not  extend  so  near  the  base  as  the 
posterior,  and  is  best  marked  on  the  anterior  teeth.  In  the  crowns  pre- 
served the  edges  are  not  serrate. 
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Measurements.  M. 

Length  of  alveolar  edge  of  mandible 120 

**      from  diastema  to  canine  tooth 030 

'*      of  centrum  of  atlas 010 

"      "        "         "axis 018 

"      **  centra  of  following  five  vertebra? 071 

"      '' ilium  at  acetabulum 040 

The  lanciform  shape  of  the  skull  with  its  consequent  peculiarities  distin- 
guishes this  species  from  the  Clepsydrops  natalis,  and  the  Dimetrodon  in- 
eisimts.  The  canine  tooth  is  more  posterior,  the  teeth  more  numerous, 
and  the  alveolar  borders  less  curved  than  in  either  of  those  species.  The 
diastema  is  less  excavated,  and  the  muzzle  less  obtuse. 

ThEROPLEURA   OBTU8IDEN8,  Sp.  UOV. 

This  species  is  represented  by  nearly  all  parts  of  the  skeleton,  including 
Jaws  of  both  sides  with  teeth,  numerous  vertebrae,  and  bones  of  the  limbs. 
Many  of  thebe  pieces  are  preserved  in  continuous  masses,  thus  greatly  aid- 
ing in  the  identification  of  parts. 

Although  the  species  is  not  larger  than  the  Theropleura  retraversa,  the 
neural  arches  are  coossified  with  the  centrum. 

The  jaws  are  long  and  rather  slender,  and  there  is  no  such  inequality  in 
the  sizes  of  the  maxillary  teeth  as  in  the  genera  Dimetrodon  and  Clepsy- 
drops ;  the  canine  being  scarcely  larger  than  the  others.  The  crowns  are 
elliptical  in  section  at  the  base,  with  straight  sides ;  the  sections  of  the 
crowns  are  lenticular,  and  the  apices  are  not  very  acute.  The  superficial 
coating  is  striate  witli  fifteen  or  sixteen  rather  obtuse  ridges.  Tlie  cutting 
edges  are  not  very  acute,  nor  are  they  denticulate.  The  number  of  teeth 
in  the  dentary  bone  cannot  be  precisely  stated,  but  is  about  twenty -one. 

The  mandibular  articular  face  consists  of  two  open  parallel  grooves,  one 
shorter  than  the  other;  extending  obliquely  to  the  long  axis  of  the  jaw. 
The  palatal  dentigerous  bone  is  quite  different  from  tliat  of  Dimetrodon,  Its 
inferior  face  instead  of  being  narrow,  is  rhombic.  The  ascending  process 
arises  from  one  of  the  terminal  angles  of  the  rhomb,  and  tlie  horizontal 
process  continues  from  the  opposite  angle  in  line  with  the  inferior  surface. 
The  borders  of  the  rhomb  next  to  the  ascending  process  are  dentigerous  ; 
the  one  bears  a  single  series  of  four  large  teeth  ;  and  the  adjacent  angle  and 
side  bear  numerous  small  teeth. 

The  vertebne  have  the  elongated  neural  spines  of  the  allied  genera,  and 
they  are  simple.  The  centra  have  curved  articular  margins  indicating  the 
presence  of  intercentra,  which  are,  however,  not  preserved.  Traces  of 
sutural  articulation  with  the  neural  arch  remain.  Many  of  the  centra  are 
much  compressed  and  have  a  narrow  sharp  median  keel.  In  a  few  vertebne, 
apparently  from  the  posterior  part  of  the  column,  an-  angula^  ridge  extends 
posteriorly  from  the  base  of  the  diapophysis ;  this  is  apparent  also  on  a 
caudal  centnim.  This  point  is  characteristic  of  the  T.  retrave*"* 
not  find  the  large  capitular  facet  of  that  species  in  the  '^ 
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lateral  ridges'of  T.  trian^pUata  are  situated  low  down  on  the  centra.  The 
diapophyse^  supix)rting  the  tubercalar  articulation  are  frequently  elongate. 
The  Bcapular  and  pelvic  bones  are  of  the  usual  type.  The  humeri  be- 
long to  form  second  of  my  Pal.  Bull.  No.  29.  They  have  rather  slender 
shafts,  and  much  expanded  extremities.  The  proximal  articular  surface  is 
well  defined.  The  supracondylar  foramen  and  other  points  are  as  in  the 
Pelycotauria  generally.  There  were  probably  distal  condyles/ but  this  is 
not  al)8olute1y  certain. 

Measurements,  M. 

Length  of  mandibular  series  of  teeth  (nearly  complete), 

on  block 110 

Length  of  crown  of  mandibular  tooth 008 

Anteroposterior  diameter  of  mandibular  tooth 004 

Diameters  of  articular  extremities  of  a  ver-  i  vertical . . .  .021 

tebra  on  the  same  block ( transverse.  .020 

Length  of  another  centrum  on  same  block 020 

(    f  h  ad  i  ^^"^^^^ ' '  '^^ 
Diameters  of  humerus  (separate)  <  ^      ^       (  smaller.  .013 

(of  shaft 017 

The  al)ove  description  represents  the  parts  which  belong  either  certainly 
or  very  probably  to  one  individual.  Bones  of  a  second  and  larger  animal  are 
mingled  with  these.  The  species  to  which  they  belong  is  uncertain,  but 
they  resemble  very  much  those  of  the  Theropleura  obtusidens,  and  may  he- 
long  to  a  larger  individual  of  that  species.  A  femur  has  the  form  already 
described  under  the  head  of  Clepsydrops  natalis.  (Paleontological  Bulletin, 
No.  29,  p.  510.)  Some  phalanges  belonging  no  doubt  to  one  or  the  other  of 
the  two  animals,  arc  like  those  I  have  already  ascribed  to  Clepsydrops. 
They  are  depressed,  and  are  expanded  at  the  articular  extremities.  The 
distal  extremities  expand  the  most  abruptly,  and  their  convex  troclilear  face 
is  without  groove  or  keel,  and  is  more  extended  on  the  inferior  than  the 
superior  surface. 

DIMETRODON    Cope. 

Proceedings  American  Pliilosophical  Society,  1878,  p.  512. 

The  accession  of  a  considerable  amount  of  material  representing  this 
genus  enables  me  to  add  important  points  to  our  knowledge  of  its  osteology. 
The  m«)st  noteworthy  additions  include  the  greater  part  of  the  skeletons 
of  two  individuals  of  D,  incUkus ;  and  verlebrie  attached  to  the  i>elvis 
and  femora  of  D.  yi^as.  There  are  also  vertebne  of  SBveral  individuals  of 
D,  erucigei;  and  various  parts  of  the  skull  of  a  species  distinct  from  the  D. 
incMivim. 

In  both  specimens  of  D.  incisivus,  portions  of  the  palatopterygoid  arch 
are  attached  to  the  maxillary  bone.  One  of  these  elements  is  an  oval  plate 
with  a  thickening  of  it's  inferior  side,  so  as  to  bevel  the  long  border  farthest 
froai  the  maxillary  bone.  The  surface  thus  produced  is  thickly  studded 
with  small  conical  teeth  irregularl}'  disposed. 

A  second  tooth-bearing  element  of  the  palate  is  adjacent  to  the  last.     It 
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is  a  massive  plate,  tlie  ends  of  which  are  produced  in  opposite  directions ; 
the  one  into  a  massive  shorter  prominence  ;  the  other  longer  and  platelikc. 
Between  these  prolongations,  the  inferior  edge  of  the  bone  bears  a  single 
row  of  well  developed  teeth.  The  patch  of  small  teeth  flnit  described, 
commences  at  the  extremity  from  which  the  longest  process  rises  on  the 
opposite  side  of  the  series  of  large  teetli.  This  Z-shapcd  l)one  is,  from  its 
massive  character,  generally  preserved,  and  I  was  long  familiar  with  it, 
before  I  could  refer  it  to  its  position.  In  one  specimen,  a  part  of  it  bearing 
teeth,  adheres  to  the  upper  jaw  at  the  diastema. 

The  posterior  part  of  the  skull  of  one  of  the  specimens  arbove  mentioned 
displays  typical  reptilian  characters.  The  occipital  condyle  is  not  perforated, 
nor  divided  by  sutures.  The  exoccipital  bones  project  well  backwards. 
The  lateral  walls  of  the  brain-aise  are  massive  as  far  forward  as  the  exit 
of  the  fifth  pair  of  nerves  ;  anterior  to  this  point  they  w^ere  thin  or  want- 
ing. The  basisphenoid  carries  two  parallel  descending  laminse,  which 
bound  a  deep  median  fissure,  and  then  unite  anteriorly.  Posteriorly  they 
abut  on  a  descending  process,  which  is  followed  by  a  lid-like  element 
which  is  applied  to  a  circular  fossa  with  a  raised  border  near  tlie  occipital 
condvle. 

« 

The  articular  face  of  the  articular  bone  of  the  mandible  consists  of  two 
parallel  ootyli,  divided  by  a  ridge  of  articular  surface.  This  part  of  the 
jaw  is  much  depressed,  as  in  Eryops.  The  large  teeth  of  the  lower  jaw  are 
at  the  anterior  extremity. 

The  neural  spine  of  the  axid  is  fiat  and  elongate  an tero -posteriorly. 
From  this  point  the  neural  spines  rise  rapidly  in  elevation  until  on  the 
dorsal  region  they  are  many  times  as  long  as  the  diameters  of  the  centra. 
The  latter  are  not  very  unequal  in  their  proportions  in  different  parts  of  the 
column.  Those  from  the  posterior  regions  are  less  compressed  than  the 
dorsals  and  cervicals.  The  dorsals  are  separated  by  intercentra  below, 
which  are  small  in  the  D.  incmvus,  and  larger  in  the  D,  gigan.  All  the 
ribs  are  two-headed,  commencing  with  the  axis.  All  the  cervical  and  dor- 
sal vertebrae  have  diapophyses  with  tubercular  facets.  The  head  of  the 
rib  is  prolonged  downwards  and  forwards  to  the  prominent  border  of  the 
anterior  articular  face,  against  which  it  abuts,  but  so  far  as  yet  observed, 
without  a  corresiwnding  facet.  On  the  caudal  vertebrae  the  two  facets  of 
the  ribs  are  approximated  and  finally  are  not  distinguished.  They  are  here 
coossified  with  the  centra. 

The  humerus  accompanying  one  of  the  specimens  of  Z).  ineisivua,  is  of 
the  form  No.  3,  of  my  description  of  humeri  in  the  Paleontological  Bulle- 
tin No.  29,  p.  528.  The  extremities  are  expanded  and  the  shaft  is  without 
diagonal  ridge  ;  the  supracondylar  foramen  is  enclosed,  and  the  condyles  are 
robust.  The  pelvis  of  the  D.  gigas  is  in  geneml  like  that  of  Clepsydraps  nalalU 
(I.e.,  p.  510).  The  elements  are  codssified,  but  the  ischiopubic  symphysis  is  not 
so  deep  as  in  the  Batrachia  of  the  same  beds.  The  ilium  is  shortened  above, 
and  its  direction  is  at  right  angles  to  the  long  axis  of  the  inferior  el*^««*»'»»«' 
The  foramen  of  the  internal  femoral  artery  is  distinct.    ' 
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same  individual  of  D,  gigat  has  no  head,  but  a  regular  wide  crcsccntic 
proximal  articular  surface.  Below  this  on  the  posterior  side  is  the  large 
trochanteric  fossa,  which  is  bounded  by  lateral  ridges,  which  are  at  first 
equal,  but  one  soon  exceeds  the  other  in  height,  fonning  a  trochanteric 
ridge  a  little  above  the  middle  of  the  shaft.  The  condyles  are  distinct 
from  each  other  and  are  fattened  below.  One  of  them  bears  a  robust 
longitudinal  crest  above,  which  makes  it  much  larger  than  the  other,  and 
causes  the  groove  that  separates  them  above,  to  look  outward,  or  to  the 
side  which  supports  the  trochanter. 
Three  of  the  species  may  be  distinguished  as  follows  : 

Vertebral  centra  much  compressed,  acute  below  ;  neural  spines  without 
processes D.  incisivus. 

Vertebral  centra  less  compressed,  obtuse  below  ;  neural  spines  without 
processes  ;  larger D.  ffigas. 

Vertebral  centra  compressed,  not'  acute  below  ;  neural  spines  with  cross 
projections D.  cruciger, 

DiMETRODON  CRUCIOER  CopC. 

American  Naturalist,  1878,  p.  830. 

This  species  is  not  uncommon  in  the  Permian  Formation  of  Texas.  It  is 
characterized  by  the  enormous  length  of  the  neural  spines  of  the  lumbar 
vertebne,  which  form  the  dorsal  fin  seen  in  other  species  of  the  genus. 
They  are  found  in  masses  adhering  together  like  sticks  or  branches  of 
bushes.  In  this  species  the  spine  sends  off,  a  short  distance  above  the 
neural  canal,  a  pair  of  opposite  short  branches,  forming  a  cross.  At  vari- 
ous more  elevated  positions  there  are  given  off  tuberosities  which  alternate 
with  each  other.  They  form  on  several  consecutive  spines  oblique  rows. 
The  spines  are  broadly  oval  in  section,  the  long  axis  antero-posterior,  and 
have  a  shallow  groove  on  both  the  anterior  and  posterior  aspects.  The 
centra  are  elongate  as  compared  with  their  other  diameters,  and  are  much 
compressed  between  the  articular  extremities,  leaving  a  strong  inferior 
median  obtuse  rib.  Articular  faces  ot  zygapophyses  oblique.  Diapophy- 
ses  short  and  robust,  with  large  costal  faces,  and  standing  below  the  prezyg- 

apophyses. 

Meaiurements,  M. 

(  antero-posterior 043 

Diameter  of  centrum  }  vertical  at  end 028 

(  transverse  at  end. 030 

Elevation  of  posterior  zygapophyses  above  centrum 025 

**  cruciform  process  "  "       058 

Expanse  of  posterior  zygaix)physes 034 

"  cruciform  process 048 

^.        ^        -     .        ^,  (antero-posterior 030 

Diameter  of  spme  at  base    \^  ^^^ 

( transverse 020 

1 

Length  of  several  pieces  of  neural  spines 140 


,,     ^„^    ,         ,  ,  antero-posterior 016 

**  *'    .090  above  base  \^  ^,„ 

transverse 016 
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DIADECTID^. 

I  have  obtained  three  skulls  of  the  Empedoeles  molaris,  a  species  of  this 
family,  which  display  the  occiput,  and  two  of  them  the  basis  of  the  cran- 
ial and  facial  regions.     From  them  I  derive  the  following  characters. ♦ 

The  relations  of  the  quadrate  and  zygomatic  arches  are  as  in  the  TTuro- 
morpTia  generally.  The  pterygoids  extend  to  the  quadrates,  and  the  vomer 
bears  teeth.  The  brain-case  extends  to  between  the  orbits,  and  its  lateral 
walls  are  uninterrupted  by  fissures  from  this  point  to  near  the  origin  of  the 
08  quadraium.  There  is  an  enormous  frontoparietal  foramen.  The  mode  of 
connection  with  the  atlas  is  peculiar.  There  is  a  plane  facet  on  each  side  of 
ihe  foramen  magnum,  which  then  expands  largely  below  them.  The  bone 
which  bounds  it  inferiorly,  presents  on  its  posterior  edge  a  median  concavity. 
On  each  side  of  this,  is  a  transverse  cotylus,  much  like  those  of  an  atlas  which 
are  applied  to  the  occipital  condyles  of  the  Mammalia.  They  occupy  pre- 
cisely the  position  of  the  Mammalian  condyles.  The  median  point  of  their 
upper  border,  which  forms  the  floor  of  the  foramen  magnum,  is  produced 
in  the  position  occupied  by  the  median  occipital  condyle  of  a  reptile. 
From  its  position  between  the  cotyli,  the  section  of  this  process  is  triangular. 
The  element  in  which  the  cotyli  are  excavated  has  the  form  of  tlie  mam- 
malian basioccipital,  and  of  the  reptilian  sphenoid.  It  is  not  the  batrachian 
parasphenoid.  Its  extreme  external  border  on  each  side  where  it  joins  a 
crest  descending  from  the  exoccipital,  is  excavated  by  a  circular  fossa 
which  looks  outwards. 

The  character  of  this  articulation  is  so  distinct  from  anything  yet  known 
among  vertebrated  animals,  that  I  felt  justified  in  proposing  (1.  c,  p.  304) 
a  new  division  of  the  Theromorpha  to  include  the  Diadsctida,  to  be  called 
the  Cotylosauria,  The  superior  facets  described,  indicate  the  presence  of 
atlantal  zygapophyses  as  in  the  Qanocephala. 

There  are  three  genera  of  Diadectidm,  one  of  which  is  now  introduced 
for  the  first  time.     They  are  distinguished  as  follows  : 

I.  Molar  teeth  in  one  series  ; 

A  distinct  canine Diadeetes. 

No  canine EmpedoeUa. 

II.  Molar  teeth  in  two  series  ; 

A  canine Ilelodectes, 

I  am  acquainted  with  six  species  of  this  family,  two  of  each  of  the  genera. 

DIADECTES  Cope. 

Proceeds.  Amer.  Philos.  Society,  1878,  p.  505.  American  Naturalist, 
April  22,  1878. 

The  typical  species  of  the  genus  has  compressed  teeth,  with  one  end  of 
the  crown  much  more  elevated  than  the  other.  In  the  lower  jaw  the  inner 
extremity  is  the  elevated  one,  and  vice  versa.  There  is  a  large  tooth  in  the 
position  of  a  canine  in  the  inferior  series,  but  it  is  not  certain  whether  or 
not  it  is  an  incisor.    A  new  species  is  now  described  which  is  intermediate 

*  These  were  first  described  in  the  American  Naturalist,  1880,  p.  301. 
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between  the  D-  tideropelieus  and  the  Empedocles  molaris  in  the  form  of  the 
molar  teeth.     The  species  are  distinguished  as  follows  : 

Much  inequality  in  the  elevation  of  the  extremities  of  the  molars ; 
lower  tubercle  small D.  sideropeliau. 

Extremities  of  molars  not  very  unequal  in  height ;  lower  tubercle 
large D,  pha$eolinii$. 

DiADECTES  PHASBOLINUS  Cope.  Sp.  nOV. 

This  species  is  represented  in  my  collection  by  the  maxillary  bones  of 
three  animals,  and  a  portion  of  the  mandible  with  most  of  the  tooth  line 
of  a  fourth.  These  fragments  are  of  about  the  size  of  the  D.  sideropelicut 
and  EmpedocUs  molaris. 

The  molars  possess  a  low  cusp  which  is  nearly  in  the  middle  of  the  tooth. 
Of  the  lower  and  external  cusps,  the  internal  is  the  wider  and  more  round- 
ed ;  when  unworn  it  is  as  elevated  as  the  external,  but  it  is  soon  reduced 
by  attrition.  The  external  part  of  the  tooth  is  somewhat  narrowed,  and 
there  is  no  horizontal  surface  on  either  side  of  the  median  cusp,  as  in  Em- 
pedoeUs  molaris.  The  last  maxillary  tooth  is  rather  small ;  preceding  it 
are  eight  wide  transverse  ones,  and  then  two  less  extended  transversely 
before  reaching  the  broken  end  of  my  best  specimen.  The  anterior  of  these 
is  elongate,  and  may  be  caniniform,  but  its  apex  is  lost.  External  layer 
smooth ;  some  wrinkles  round  the  base  of  the  median  cusp. 

The  broken  base  of  the  molar  bone  is  subround  and  small,  and  shows 
that  that  element  is  slender  below  the  orbit. 

The  portion  of  mandible  preserved  is  quite  deep,  and  is  incurved  at  the 
symphysis.  But  few  of  its  teeth  are  preserved,  and  it  is  not  possible  to 
say  how  long  the  anterior  ones  with  subround  bases  may  have  been.  The 
molar  whose  crown  is  preserved  does  not  differ  materially  from  those  of 
the  maxillary  series.  The  alveolar  line  does  not  retreat  inwards  from  the 
external  border  as  in  Empedocles  latibuccatus,  resembling  in  this  respect 
the  /).  sideropelicus.  The  external  surface  of  the  lower  jaw  is  roughened 
by  shallower  and  deeper  small  or  minute  pits  closely  placed. 

Measurements.  M. 

Length  of  series  of  eleven  maxillary  teeth 07  > 

Length  of  series  of  seven  widest  molars *  .048 

_ .  . ,  ,       f  anteroposterior 006 

Diameter  widest  molar  <  ^  ^^^ 

(transverse 016 

Depth  of  mandible  externally 050 

Width  of  mandible  at  middle 026 

It  is  possible  that  it  may  yet  be  necessary  to  refer  this  species  to  Em- 
pedocles. 

EMPEDOCLES  Cojie. 

Proceedings  Amer.  Philos.  Soc,  1878,  p.  516.     American  Naturalist, 
April  22,  1878  ;  April,  1880. 
I  am  acquainted  with  two  species  of  this  genus,  E  molaris*  and  E.  lati' 

*  JJiadectes  molaris^  Amer.  Naturalist,  1^8,  p.  565. 
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bueeatwi.*  The  latter  is  represented  by  portions  of  two  mandibles  in  my 
collection ;  the  former  by  two  or  three  skulls,  with  part  of  the  mandible 
accompanying  one  of  them.  The  ditfercnce  in  the  forms  of  the  mandibles 
is  well  marked.  In  E.  molaris  the  dental  series  is  parallel  to  the  external 
border  of  the  jaw ;  in  E.  latibuccatus  the  tooth  line  is  deflected  inwards 
from  the  border,  leaving  a  wide  space. 

Empedocles  holaris  Cope. 

Diadecte$  molaris  Cope.     American  Naturalist,  1878,  p.  565. 

The  molar  teeth  are  wider  in  this  species  than  in  any  species  of  the 
family  yet  known.  The  internal  and  external  extremities  of  the  crown 
are  about  equally  wide  and  equally  elevated,  and  there  is  a  low  median 
cusp.  A  portion  of  the  grinding  surface  both  internal  and  external  to  the 
cusp  is  horizontal ;  the  surface  of  this  portion  is  wrinkled.  The  last  molar 
is  smaller  than  the  others.  The  inner  border  of  the  maxillary  bones  forms 
a  curved  ridg«  on  each  side  of  the  palate,  which  is  separated  by  a  groove 
from  the  vomer.  The  latter  forms  a  median  keel  at  the  anterior  portion  of 
the  palate,  where  it  supports  two  rows  of  small  conical  teeth.  The  palatines 
have  their  prominent  internal  edges  juxtaposed  as  far  as  the  transverse  line 
of  the  last  molars.  There  tliey  diverge  a  little,  and  extend  as  two  nearly 
parallel  keels  to  a  prominent  angle  on  each  side,  opposite  the  middle  of  the 
zygomatic  foramen.  There  the  inner  borders  cease  to  project,  and  are 
directed  obliquely  outwards  to  the  inner  extremities  of  the  quadrate  bones. 
The  external  borders  of  the  pterygoids  are  more  elevated  than  the  inter- 
nal. The  median  keel  of  the  basisphenoid  arises  between  the  internal 
angles  of  the  pterygoids  above  mentioned,  and  ceases  before  reaching  the 
inferior  border  of  the  occipital  condyle.  The  external  border  of  the  ex- 
occipital  is  sigmoidally  flexed. 

It  has  occurred  to  me  that  the  peculiar  condition  of  the  occiput  described 
under  the  head  of  the  family  DiadectidcB,  may  be  due  to  tlie  loss  of  the 
basioccipital  bone.  It  would  be  a  remarkable  coincidence  if  this  accident 
sliould  have  befallen  the  only  three  crania  which  have  come  into  my  pos- 
session. 

The  anterior  border  of  the  orbit  is  above  the  anterior  part  of  the  fourth 
molar,  counting  from  behind.  The  distinct  incisive  foramina  are  longitudi- 
nal and  rather  large.  The  anterior  border  is  opposite  to  the  fourth  tooth 
counting  from  the  first  incisor.  The  nostrils  look  out  laterally  and  a  little 
forward  ;  the  united  spines  of  the  premaxillaries  form  a  stout  septum. 
The  incisors  are  not  more  than  three  or  four  on  each  side  (I  cannot  find  the 
premaxillo-maxillar}'  suture),  and  they  form  a  regularly  convex  series. 
With  the  maxillaries,  the  entire  dentition  of  one  side  forms  a  gentle  sig- 
moid curve.  The  median  incisors  are  the  largest ;  the  sizes  regularly  di- 
minish until  the  smallest  are  reached  on  the  anterior  part  of  the  maxillary 
bone.  Posterior  to  this  point  they  enlarge  again.  Their  apices  are  not 
preserved. 

*Diadeetes  leUibuccaitu,  Proceed.  Amer.  Philos.  Soc.,  1878,  p.  505. 
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The  superior  surface  of  the  skull  is  only  partly  preserved  in  one  speci- 
men. This  renders  it  probable  that  there  is  a  crotaphite  foramen  as  in  the 
crocodiles,  etc.  The  surfaces  of  the  external  cranial  elements  are  finely 
pitted,  or  rather  punctured. 

Measurements.  M. 

Total  length  of  skull. . . .  .* 180 

Width  of  skull  at  quadrates 145 

**         **        **    origin  of  zygoma 115 

*'         "        **    incisive  foramen 056 

Length  of  dental  series  to  posterior  extremity  of  incisive 
foramen,  on  curve 090 

Diameters  of  third  molar  from  behind  i  f^^^'^L'!?®"''''  *  'Si? 

( transverse «   .021 

Depth  of  mandible  at  fifth  molar  fh)m  behind 048 

Maxillary  series  of  seven,  and  parts  of  the  mandibular  series  of  four,  indi- 
viduals, are  in  my  collection. 

HEL0DECTE8  Cope.    Genus  novum. 

Maxillary  bones  of  two  species,  which  I  refer  to  this  genus,  were  found  as- 
sociated with  many  bones  of  appropriate  sis^,  among  which  are  vertebne  of 
the  tyi>e  of  Einpedoeles.  The  characters  observable  are  generally  similar 
to  those  of  the  Diadectida,  where  I  accordingly  place  the  genus.  Its 
principal  characters,  the  presence  of  two  rows  of  teeth  in  the  jaws,  has 
already  been  jwinted  out.  I  may  add  that  there  is  apparently  a  large  tootli 
in  the  position  of  anterior  incisor,  in  the  typical  species. 

The  species  differ  in  the  arrangement  of  their  teeth,  as  follows  : 

Molar  teeth  of  the  two  rows  subequal  in  size,  and  equally  numerous 

J7.  paridens. 

Molar  teeth  of  one  row  wider,  and  more  numerous  tlmn  those  of  the 
other n,  iscMLcL 

IIelodectes  paridens  Cope.     Sp.  nov. 

The  smallest  si)ecies  of  the  family,  is  of  about  half  the  linear  dimensions 
of  the  KmpedocUs  molaris.  It  is  represented  by  a  left  maxillary  and  proba- 
bly premaxillary  bone,  which  are  so  far  covered  with  the  adhesive,  hard- 
ened ferruginous  mud  of  the  formation,  as  not  to  expose  a  clean  surface. 
Tl^  apices  of  all  the  teeth  are  broken  off,  so  that  the  bases  alone  remain 
to  indicate  their  number,  form  and  positions. 

Of  the  molar  teeth  proper  I  count  six  in  the  inner,  and  eight  in  the  ex- 
ternal row.  The  two  series  are  close  together,  and  are  gently  convex  in- 
wards. The  bases  of  the  teeth  are  wide  ovals,  tmnsversely  placed.  In  front 
of  the  eighth  tooth  of  the  external  row  (from  behind),  are  two  teeth  with- 
out apparent  mates  of  the  internal  row  (possibly  the  latter  lost).  Then  fol- 
lows a  tooth  of  each  row,  and  in  front  of  these  another  i>air,  the  external 
being  the  larger.  Anterior  to  these,  the  jaw  is  so  split  as  to  remove  any 
teeth  of  the  inner  row,  if  there  are  any,  and  one  large  tooth  of  the  external 
series  stands  at  the  extremity  of  the  fragment.    This  latter  exceeds  the 
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other  teeth  in  the  lengtli  and  diameter  of  its  basal  portion.     From  its  posi- 
tion it  is  probably  an  incisor. 

1  he  anterior  border  of  the  orbit  falls  above  the  third  tooth  of  the  exter- 
nal row  (counting  from  behind).  The  inner  border  of  the  maxillary  bone 
IS  elevated  into  the  ridge  convex  inwards,  as  in  the  other  species  of  this 
flEimily.  The  malar  base  of  the  zygomatic  arch  is  a  moderately  stout  ver- 
tical oval. 

MeaiuremenU.  M. 

Length  of  dental  series 062 

Length  of  molar  6-8  series 029 

Width  of  the  two  molar  series ' 009 

Vertical  diameter  malar  bone 013 

The  associated  bones  of  the  skeleton  may  belong  to  this  or  to  the  next 
species,  or  even  to  a  small  Empedocles  whose  teeth  occur  in  the  same  lot 
In  the  uncertainty  of  reference  I  do  not  describe  them. 

Hblodectbs  isaaci  Cope.   8p.  nov. 

Founded  on  a  fragment  probably  of  a  maxillary  bone,  lacking  both  ex- 
tremities, and  considerably  obscured  by  ferruginous  deposit. 

The  characters  are  well  marked,  leaving  no  doubt  that  this  species  is 
distinct  from  those  previously  known.  The  bases  of  the  teeth  of  one  of 
the  rows  are  much  more  extended  transversely  than  those  of  the  other, 
having  the  form  of  some  of  those  of  Empedocles.  As  in  that  genus,  they 
shorten  anteriorly.  In  the  fragment,  I  count  on  this  row,  bases  of  nine 
teeth.  In  the  other  row,  I  can  only  definitely  count  three,  which  are 
opposite  the  second,  third,  and  fourth  of  the  other  series  (counting  from 
behind).  They  are  wide  transverse  ovals,  about  half  the  long  diameter  of 
the  posterior  teeth  of  the  other  series. 

Measurements.  M. 

Length  of  bases  of  eight  larger  molars 032 

Diameter  oflarge  molar  {r:St"?:::::V.;.:::::  Z 

Length  of  three  smaller  molars 012 

Long  diameter  of  a  smaller  molar 004 

This  species  is  dedicated  to  J.  C.  Isaac,  the  discoverer  of  the  first  species 

of  this  family. 

GANOCEPHALA. 

Examination  of  abundant  material  shows  the  correctness  of  my  anticipa- 
tion (American  Naturalist,  1878,  633),  that  the  vertebrae  of  the  large  batrar 
chian  Eryaps,  would  turn  out  to  have  the  stinicture  found  in  Bhachitomus. 
This  genus  then  must  be  referred  to  the  same  sub-order  as  TrimerorJuichis, 
and  probably  Aetinodon  Gaudry,  which  will  be  characterized  by  the  seg- 
mented vertebral  centra.  If  European  authors  are  correct  in  stating  that  the 
vertebrae  of  the  Labyrinthodontia  have  undivided  centra,  the  sub-order 
above  mentioned  must  probably  retain  the  name  of  Oanocephalat  with  ad- 
ditional characters. 

The  identiflcation  of  the  scapular  arch  in  Eryops,  and  of  the  pelvic  arch 
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in  Eryops  and  CrieotuSy  gives  the  following  result  :•  The  glenoid  cavity  ia 
an  excavation  in  two  coosslfied  elements,  of  which  the  inferior  and  posterior 
is  probably  coracoid.  The  latter  is  then  much  smaller  than  in  BeptiUa  and 
Batraehia  anura,  but  resembles  that  of  the  salamanders.  Thescapular 
arch  proper  resembles  that  of  the  Urodela.  The  pelvis  is  intermediate 
between  that  of  the  anurous  and  urodelous  Batraehia.  There  is  no  obtura- 
tor foramen,  and  the  common  symphysis  is  deep.  The  humerus  closely 
resembles  that  of  the  Pelycosauria,  differing  chiefly  in  the  non-enclosure 
of  the  supracondylar  foramen ;  and  as  in  that  sub-order,  some  genera 
possess  condyles  and  some  do  not. 

Prof.  Owen  proposed  the  order  Oanocephala  chiefly  for  Arehegosaurus, 
but  he  included  in  it  also  the  genera  Denderpeton  and  Pelion  (Paleontol- 
*>gy»  P'  182-^).  This  division  has  not  been  generally  adopted,  the  genera 
mentioned  being  usually  placed  in  the  Lahyrinthodontia.  Of  the  eleven 
characters  given  by  Prof.  Owen  in  evidence  of  the  existence  of  this  order, 
one  only  does  not  beloDg  also  to  the  Labyrinthodontia  ;  this  is  the  absence 
of  occipital  condyles.  On  this  account  I  thought  that  the  group  should  be 
retained,  but  not  as  an  order.  Besides  this  group  and  the  Labyrintho- 
dontia,  there  were  the  types  called  Microsauria  by  Dawson,  some  of 
which  have  simple  enamel,  all  agreeing  in  general  characters,  and  differ- 
ing from  other  Batraehia.  I  therefore  combined  the  three  groups  into 
one  order,  the  Stegocepfiali.  (Proceedings,  Academy,  Philada.,  1868,  p. 
209.)  This  order  was  most  distinctly  characterized  in  the  Report  of  the 
Geological  Survey  of  Ohio,  Paleontology,  ii,  p.  354,  1875. 

Von  Meyer  has  given  us  enough  of  the  characters  of  Archegosaurus 
to  enable  me  to  refer  the  forms  of  the  Texan  Permian  to  the  same  order. 
Prof.  Owen,  in  his  discussion  of  the  affinities  of  that  genus  (1.  c,  p.  170), 
remarks,  that  the  vertcbrie  and  numerous  very  short  ribs,  with  the  ''indi- 
cations of  stunted  swimming  limbs,  impressed  me  with  the  conviction  of  the 
near  alliance  of  the  Archegosaurus  with  the  Proteus  and  other  |>erenni- 
branchiate  reptiles."  As  it  is  now  well  known  that  perennibranchiate 
batrachians  belong  to  three  different  orders  of  the  class  {Trachystomata, 
Proteida  and  Urodela),  the  above  expressions  lose  point,  and  especially  as 
the  characters  mentioned  as  indicative  of  affinity  are  of  the  most  subordi- 
nate importance,  or  as  in  the  structure  of  the  vertebrsB,  are  totally  distinct 
from  what  is  found  in  those  orders.  When  we  read  later  (p.  173),  that  the 
fact  that  the  superior  "ossifications  of  the  skull  have  started  from  centres 
more  numerous  than  those  of  the  true  vertebral  system,  gives  the  charac- 
ter of  the  present  extinct  order  o{  Batraehia  ;  "  we  find  that  Prof.  Owen 
has  quite  failed  to  perceive  either  the  definitions  or  afilnities  of  his  new 
order.  He  commits  an  error  in  describing  a  distinct  pubic  bone  ;  an  ele- 
ment which  Von  Meyer  states  (Paleontographica,  vi,  179,  1858)  that  be 
had  not  discovered.  Von  Meyer  describes  the  coossified  inferior  elements 
of  the  pelvis  as  ischia.  My  numerous  Texan  specimens  show  that  each  of 
these  bones  includes  both  pubis  and  ischium. 

In  now  defining  the  Ganocephala  anew,  I  confine  myself  ta  characters 
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wliich  I  know  to  be  common  to  the  known  genera.  Sonie  of  them  possess 
two  occipital  condyles.  For  the  purpose  of  avoiding  the  multiplication  of 
synonymes,  I  employ  Prof.  Owen's  name. 

Yertebrse  consisting  of  centra  and  intercentra,  the  former  not  extending 
to  the  base  of  the  vertebra,  the  latter  not  rising  to  the  neural  canal.  The 
centrum  consisting  of  two  parts  distinct  from  the  superior  neural  arch ; 
viz.,  a  lateral  piece  (pleurocentrum),  on  each  side.  Atlas  consisting  of 
separate  segments,  the  superior  of  which  are  not  united  above  the  neural 
canal,  and  the  inferior  (intercentrum)  divided  on  the  middle  line,  into  two 
segments. 

Genera.  A.  Basioccipital  bone  without  condyles :  Trimerorhckchi$ 
Cope  ;  ArchegoMUTus  Meyer.  A.  A,  Basioccipital  condyles  two  :  Actino- 
don  Guadry  ;  BacTutomun  Cope  ;  Eryops  Cope. 

All  the  above  genera  have  well-developed  neural  spines  except  Trime- 

rorhachis. 

ERYOPS  Cope. 

Paleontological  Bulletin  No.  26,  p.  188.  Nov.  21st,  1877.  Proceedings 
Amer.  Philos.  Society,  1877  (1878),  p.  188. 

In  the  essay  above  cited,  the  cranial  characters  of  this  genus  were  pointed 
out  with  some  of  those  of  the  vertebrsB.  It  remains  to  describe  the  other 
parts  of  the  skeleton.  Notices  of  some  of  these  have  already  appeared  in 
the  American  Naturalist  for  September,  1878  and  May,  1880. 

The  largest  element  of  the  vertebra  is  the  intercentrum.  This,  which 
occupies  the  entire  inferior  surface  of  the  vertebra,  is  a  segment,  rep- 
resenting the  sixth  part  of  a  sphere,  with  a  slight  central  vacuity.  The 
element  representative  of  the  centrum  is  wedged  in  between  the  superior 
external  angles  of  adjacent  intercentra,  as  in  TrimerorhachU.  These,  as  well 
as  the  intercentra,  differ  from  those  of  that  genus  in  their  greater  degree  of 
ossification,  which  is  so  far  complete  as  to  greatly  contract  the  canalis  chor- 
tUB  dorsalis.  The  central  elements  of  opposite  sides  do  not  unite  on  the 
middle  line  below,  although  in  contact.  The  neurapophysis  is  produced 
downwards  and  outwards,  terminating  in  the  simple  diapophysis,  with  rib 
articulation.  The  inferior  articular  faces  of  the  arch  are  two  on  each  side, 
one  for  the  central  element  in  front,  and  the  other  for  the  one  behind  it. 
The  whole  is  surmounted  by  a  continuous  neural  spine,  which  is  expanded 
at  the  summit,  in  the  known  species.  The  vertebrae  do  not  differ  much  in 
different  parts  of  the  column.  The  cervicals  are  not  distinguished  in  any 
way  from  the  dorsals,  but  their  anterior  intercentra  have  more  extensive 
costal  surfaces,  which  give  the  inferior  posterior  border  lateral  angles. 
The  diapophyses  of  the  second  and  third  cervicals  are  of  reduced  size. 
The  neural  spine  of  the  axis  is  a  little  less  elevated,  and  is  longer  anteropos- 
teriorly  than  that  of  the  third  and  succeeding  cervicals.  I  do  not  possess 
an  entire  atlas  free  from  matrix.  Attached  to  the  axis  of  this  specimen  are 
two  elements  which  connected  it  with  the  skull,  as  they  are  separated  from 
it  only  by  closely  fitting  fractures.  The  elements  are  lateral,  and  each  pre- 
sents a  semi-spherical  articular  face  in  front,  and  a  long  process  with  acute 
apex  at  right  angles  to  it,  posteriorly.    These  processes  lie,  one  on  each 
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iide  of  the  neural  spine  of  the  axis,  above  the  position  which  would  be  occd- 
pied  by  its  prezygapophysis  ;  they  represent  the  distinct  halves  of  the  arch 
of  the  atlas.  At  the  superior  base  of  each  process  near  the  edge  of  the 
articulation  is  a  button  like  tubercle,  which  represents  a  prezygapophysis ; 
the  inferior  articular  faces  correspond  with  those  of  the  occipital  condyles  in 
form  but  not  in  position,  which  is  inverted.  The  inferior  elements  of  the 
atlas  are  lost. 

The  intercentra  are  rather  longer  and  more  elevated  in  the  sacral  region. 
One  only  can  be  properly  said  to  belong  to  the  sacrum,  and  this  is  closely 
united  with  the  one  that  follows  it  by  a  rough  surface  of  contact.  In  old 
animals  it  may  become  coOssifled.  What  the  relations  to  the  Intercen- 
trum  immediately  preceding  may  be  I  am  unable  to  state,  owing  to  the 
condition  of  the  specimen.  A  pair  of  caudal  vertebras  are  peculiar. 
Their  intercentra  are  in  contact  throughout,  excluding  the  pleurooentra. 
The  latter  rest  above  the  intercentra,  and  between  the  inferior  parts  of 
adjacent  neural  arches.  Each  intercentrum  supports  a  coossified  chevron 
bone,  and  these*  in  the  two  vertebra?  in  question,  become  coossified  with 
each  other,  forming  a  n)bust  rod  directed  backwards,  whose  double  base  is 
perforated  by  the  haemal  canal.  This  peculiar  structure  probably  belongs 
near  the  extremity  of  the  caudal  scries,  as  the  anterior  caudals  observed  in 
other  specimens,  are  much  liks  the  dorsals. 

The  cobtal  articulations  are  everywhere  undivided,  and  have  an  oblique- 
ly vertical  extension.  The  articular  surface  extends  to  the  intercentrum 
in  the  E.  megacephalus,  forming  a  short  superficial  depression  which  enters 
from  the  supero-posterior  border.  The  costal  surfaces  of  the  diapopliyses 
lK*come  more  robust  anteriorly,  and  are  more  narrowed,  especially  at  the 
middle  and  inferior  portions,  posteriorly.  The  diapophysis  of  the  sacral 
vertebra  is  very  robust,  and  presents  a  large  tubercular  face  downwards, 
and  a  little  backwards.  The  external  side  of  the  intercentrum  about  its  supe- 
rior angle  is  also  covered  by  a  large  capitular  facet,  and  the  two  facets  sup- 
port a  sacral  rib.  This  element  is  much  more  robust  anteriorly  than  the 
true  rtl)s,  and  its  capitular  and  tubercular  facets  are  distinct  from  each 
^  otlier,  although  they  are  seimmted  by  but  a  slight  interruption.  The  liody 
of  the  rib  is  plate-Iikc,  and  is  directed  downwards  and  backwards,  its  union 
with  the  ilium  being  squamosal.  The  costal  elements  ]X)sterier  to  the 
sacrum  diminish  rapidly  in  size.  From  the  size  of  the  vertebrae  in  B.  msg- 
aeephalus,  the  tail  is  prolwibly  of  medium  length  only. 

The  coracoid  is  but  little  incurved ;  its  internal  l)order  is  convex,  and  is 
roughened  as  though  for  cartilaginous  attachment.  Its  superior  portion  forms 
a  convex  continuum  with  the  scapula.  The  direct  line  or  external  face  of 
the  scapula  extends  in  a  nearly  plane  surface  to  the  glenoid  cavity,  em- 
bracing a  perforating  foramen  above  the  latter,  precisely  as  in  the  PefycO' 
sauria.  Its  surface  is  continuous  anteriorly  with  a  wide  eximnsion  forwards, 
whose  fine  inner  Iwrder  is  continuous  with  that  of  the  coracoid.  This 
plate  doubtless  includes  a  third  element,  but  its  lK)rders  are  not  preserved, 
on  account  of  the  oblitenition  of  the  sutures.  It  is  probably  epicoracoid, 
as  in  the  Pelyeosauria.  In  its  form  it  is  less  produceil  than  in  the  known 
scapular  arches  of  the  latter. 


1880.]  5o  ICopc. 

• 
The  Goossified  pelvic  elements  resemble,  in  their  compression  1)elow,  the 

corresponding  part«  in  the  Anura,  The  ilia  are,  however,  shorter  and 
worn  as  in  the  Urodela,  They  are  flat,  and  stand  at  right  angles  to  the 
line  of  the  ischiopubic  symphysis.  There  is  an  open  concavity  6f  their 
inferior  posterior  free  border,  and  a  facet-bearing  elevation  on  the  inferior 
border,  or  that  entering  into  the  formation  of  the  acetabulum.  The  latter 
is  large  and  half  as  long  again  as  deep.  The  anterior  and  posterior  bordera 
of  the  pelvis  descend  regularly  to  the  inferior  edge,  forming  with  it  a  trian- 
gle. The  ischiadic  or  posterior  border  is  but  little  thickened  ;  the  anterior, 
or  pubic  is  flat  in  front  and  presents  a  reviorted  edge  outwards.  This  ex- 
pands prominently  wJiere  it  is  joined  by  a  d8ge  which  bounds  the  acetabu- 
lum below  ;  it  there  contracts  to  an  inferfgf  apex.  Beneath  the  anterior 
point  of  the  acetabulum  it  is  pierced  by  thJ^nsual  foramen,  which  issues  on 
the  inner  edge  of  the  anterior  face,  just  above  the  symphysis. 

The  humeral  bones  of  this  genus  I  probably  possess  ;  but  I  have  several 
forms  between  which  I  am  not  able  to  decide.  They  are  in  general  like 
those  of  the  PelycoBauria,  but  difler  from  them  in  not  having  an  enclosed 
supracondylar  arterial  foramen,  but  only  the  buttresses  of  its  enclosing 
arch.  Two  such  forms  I  have  already  described,*  and  a  third  has  been 
obtained  from  the  French  Permian  by  Professor  Gaudry.  One  quite 
similar  to  the  latter  I  have  since  obtained  from  Texas.  Not  having  been 
able  at  first  to  determine  the  proper  reference  of  these  humeri,  I  suggested 
to  Prof.  Gaudry  that  his  humerus  belongs  to  one  of  the  Pelyconauria,  and 
lie  accordingly  desciibed  it  as  Euchirosaurus  rocliei.\  I  now  think  that 
there  is  greater  reason  for  believing  that  it  belongs  to  a  species  of  the  same 
group  as  Eryops  and  Aetinodon, 

In  all  these  humeri  the  extremities  are  expanded  in  diflerent  planes,  and 
the  shaft  contracted.  The  articular  surface  of  the  proximal  extremity  is 
l)and-like  and  passes  obliquely  from  one  side  to  the  other  as  in  the  Pelyco- 
sauria.  '  The  condyles  are  large,  consisting  of  a  globular  portion  and  a  de- 
pressed trochlea  without  ridges  at  one  side  of  it. 

The  femora  are  very  different  from  the  humeri,  but  in  much  the  same 
"Way  as  in  the  corresponding  bones  of  existing  Batrachia.  There  arc 
no  condyles  at  either  extremity,  but  outlines  of  such,  enclosing  roughened 
surfaces.  These  look  as  though  the  bases  of  attachment  of  cart ilatci nous 
caps  or  epiphyses.  The  proximal  extremity  is  convex,  and  is  extended  in 
one  direction.  One  border,  the  anterior,  is  regularly  gently  convex  ;  the 
opposite  arc  is  strongly  convex  near  one  end  only.  The  articular  face  ib 
in  two  planes,  one  larger  than  the  other.  The  trochanteric  fossa  is  at  first 
sliallow,  and  occupies  the  entire  width  of  the  bone,  it  narrows  with  the 
shaft  downwards  and  the  borders  rise,  one  more  than  the  other.  The  two 
join  in  a  strong  protuberance,  which  looks  directly  backwards,  and  may  be 
called  for  the  present  the  third  trochanter.  The  shaft  is  keeled  below  and 
In  continuation  of  the  trochanter,  to  where  It  expands  for  the  distal  artlou- 

•  Paleontol.  Bulletin,  29, 1878,  p.  529. 
t  Bulletlii  8oc  Gcol.  Frunce,  Dec,  1878. 
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lar  extremity.  The  latter  looks  partly  downwards,  and  is  divided  by  % 
deep  groove  above  into  two  parts  representing  tlie  usual  condyles.  One 
of  these  is  comparatively  depressed,  while  the  other  has  a  massive  superior 
crest,  which  makes  its  long  axis  vertical  instead  of  horizontal,  as  is  that 
of  the  other  condyle. 

There  is  considerable  resemblance  between  this  femur  and  that  of 
Dimetrodon  gigasy  and  in  a  less  degree  to  that  of  Clepnydrops  riataliSf  but 
both  the  latter  have  well  developed  condylar  surfaces.  They  are  also 
larger  in  proportion  to  the  size  of  the  rest  of  the  skeleton,  in  the  PelyeosaU" 
rians  mentioned. 

Further  characteristics  of  thli  genus  and  of  the  species  it  embraces  will 
bo  given  at  a  future  time.       ^^ 

TRIMER0RHACHI8  Cope. 

American  Naturalist,  1878,  p.  328  (April  22).  Proceedings  American 
Pliilos.  Society,  1878.  p.  524. 

This  genus,  as  has  been  pointed  out,  differs  from  Eryops  in  the  super- 
ficial character  of  its  vertebral  ossifications,  and  in  the  absence  of  ossified 
neural  spines. 

A  well-preserved  cranium,  and  portions  of  several  others  referable  to 
this  genus,  furnish  characters  which  have  been  hitherto  inaccessible.  They 
probably  belong  to  the  T.  instgnis,  but  this  is  not  certain. 

Generic  Characters,  etc, — The  type  of  skull  is  that  of  the  order  of  Stego- 
cephali  generally.  The  superior  walls  are  thin,  and  are  sculptured  on  the 
superior  surface.  The  mucous  grooves  are  distinct,  but  do  not  form  a 
well-defined  lyra.  There  is  a  groove  which  is  parallel  to  the  anterior 
borders  of  the  orbit  for  a  short  distance,  and  which  then  turns  forwards 
and  then  inwards.  The  dermal  ossification  is  distinguished  from  that  of 
the  maxillary  bone  by  a  squamosal  suture.  A  mucous  groove  defends  to 
it  obliquely  forward  from  the  superior  quadrate  region,  and  sends  a  branch 
at  right  angles  to  its  anterior  extremity  to  a  point  posterior  to  the  orbit. 
Of  superficial  ossifications,  the  boundaries  are  ditficult  to  determine,  owing 
to  the  obscurity  of  the  sutures.  Enough  can  be  seen  to  demonstrate  the 
presence  of  supramaxillary,  epiotic,  and  supraoccipital  dermal  bones.  Tlie 
nostrils  are  large  and  well-separated,  and  look  upwards. 

The  teeth  are  acute,  and  of  subequal  size ;  their  superficial  layer  is 
deeply  inflected  at  the  base. 

The  paras phenoid  bone  is  wide  posteriorly,  but  contracts  abruptly,  and 
extends  forwards  on  the  middle  line.  Owing  to  crushing  of  a  part  of  the 
surface,  I  am  unable  to  ascertain  its  anterior,  or  vomerine  suture.  The 
basifacial  axis  bone  is  quite  narrow,  and  is  edentulous.  It  is  connected  with 
the  superior  cranial  walls  by  a  vertical  osseous  plate  on  each  side,  which 
may  represent  alisphenoid,  orbitosphcnoid  and  ethmoid,  yiie  palatoptery- 
fijoid  arch  is  a  longitudinally  extended  sigmoid,  enclosing  with  the  axial 
elements,  an  enormous  choanoorbital  foramen.  It  extends  from  the 
middle  line  below  a  short  distance  posterior  to  the  position  of  the  nostrils 
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outwards,  and  follows  closclj'  the  maxillary  bone  well  posteriorly.  It  then 
turns  inwards,  extending  to  the  parasphenoid  bone,  with  the  wide  portion 
of  which  it  has  an  extensive  contact.  It  then  turns  outwards  as  pterygoid 
bone,  and  rapidly  narrowing,  joins  the  inner  distal  extremity  of  the  quad- 
rate. It  thus  encloses  a  foramen  with  the  quadratojugal  bone,  which  is 
much  smaller  than  the  choanoorbital  foramen.  The  posterior  part  of  the 
inferior  surface  of  the  bones  of  this  arch,  not  including  the  slender  ptery- 
goid portion,  is  roughened  with  hard  nodules  resembling  teeth  in  material, 
and  serving  the  purpose  of  such  organs. 

Two  rod-like  bones  extend  outwards  and  backwards  from  the  posterior 
part  of  the  parasphenoid  and  the  basioccipital,  which  belong  to  the  inferior 
arches.  The  anterior  is  the  larger,  and  is  bent  backwards  at  an  obtuse 
angle  ;  its  proximal  extremity  is  a  truncate  oval.  This  bone  occupies  the 
position  of  the  stapes.  The  second  is  extensively  in  contact  with  tl^e*  basi- 
occipital by  its  proximal  extremity.  It  is  curved  backwards  at  its  distal 
third.  The  occipital  condyle  is  represented  by  a  fish-like  cotylus,  which 
has  a  deep  notch  at  its  superior  border. 

The  mandible  has  a  short  angular  process,  vertical  by  lateral  compres 
sion.     The  symphysis  is  very  short  and  the  Meckelian  cavity  large,  and 
completely  enclosed. 

The  anterior  cervical  vertebrae  consist  of  the  same  elements  as  the  dorsals. 
The  interccntra  of  the  second  and  third  vertebrsB  8uppf)rt  capitular  costal 
articulations,  somewhat  elevated  above  the  surrounding  level.  The  pleuro- 
centra  do  not  support  the  ribs,  but  the  neural  arches  terminate  below  in 
diapophyse^.  There  is  a  pleurocentrum  in  front  of  the  second  intercentrum, 
and  above  and  in  front  of  it  a  neurapophysis,  which  has  no  distinct  diapoph- 
ysis.  Its  sui)erior  portion  is  a  subacute  process  which  is  not  in  contact 
with  that  of  the  other  side,  but  is  separated  from  it  by  a  vertical  osseous 
plate,  which  is  probably  the  neural  spine  of  the  second  vertebra  or  axis. 
This  is  similar  to  the  structure  already  observed  in  Eryops,  and  the  parts 
being  in  place,  should  explain  those  of  that  genus.  The  portion  of  the 
atlas  which  represents  the  intercentrum  is  divided  into  two  lateral  portions, 
each  of  which  has  the  furm  of  an  entire  intercentrum,  i.e.,  crescentic. 
The  intercentrum  of  a  cervical  of  a  large  species  of  this  group,  is  wider 
than  that  of  the  other  vertebne,  and  presents  two  articular  facets  anteriorly. 

Specific  Characters. — The  skull  is  flat  and  rather  wide,  the  length  ex- 
ceeding a  little  the  transverse  posterior  diameter.  The  posterior  borders 
of  the  orbits  mark  a  point  half  way  between  the  extremity  of  the  muzzle, 
and  the  posterior  supraoccipital  border.  The  orbits  themselves  are  of 
medium  size,  and  are  separated  by  a  space  about  equal  to  their  transverse 
diameter.  Their  form  is  a  wide  oval,  with  the  long  axis  obliquely  antero- 
posterior. The  diameter  of  the  external  nostril  is  nearly  half  that  of  the 
orbit,  and  the  form  is  similar  to  that  of  the  latter.  The  interorbital  and 
etlimoid  regions  are  concave  ;  the  prefrontal  regions  are  convex.  The  su- 
praoccipital border  is  strongly  concave  ;  and  the  notch  separating  the 
epiotic  angle  from  the  quadrate  angle  is  as  deep  as  the  supraoccipital.   The 
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surface  of  the  cranium  is  thrown  into  wrinkles  which  form  no  regular  pai- 
tern,  and  which  inosculate  to  a  moderate  extent,  most  so  on  the  preorbital 
region.  The  anterior  parts  of  the  maxilliary  and  mandibular  bones  are 
marked  with  small  pit- like  impressions. 

Measurements.  M. 

Total  length  to  quadrate  angles  measured  on  median 

line 170 

Length  to  supraoccipital  border 138 

Total  width  posteriorly 155 

Width  at  orbits 095 

"     between  orbits 021 

"     at  narcs 063 

"     between  nares*. 030 

Lpng  diameter  of  orbits 026 

Transverse  diameter  of  occipital  cotylus 012 

This  cranium  is  much  shorter  and  wider  than  that  of  Arehegosaurus 
decheni,  and  has  the  orbits  more  anteriorly  placed. 

CROSSOPTERYGIA. 

ECTOSTEORHACniS  Cope,  gen.  nov. 

Tribe  Cronsopterygia ;  family  Rhoinbodipteridcs  Traquair;  sub-fomily 
Saurodipterini  Huxley.  Pectoral  and  ventral  flns  rather  acutely  lobate, 
with  few  or  no  radii  on  their  external  lK)rders.  Dorsal  and  anal  flns  un- 
known. Scales  imbricate,  rhombic,  smooth.  Ganoine  wanting  from  top 
of  head  in  specimens  examined,  but  present  on  sides  and  inferior  surfaces. 
Coronal  suture  distinct.  End  of  the  muzzle  covered  with  separate  scales. 
Distinct  sub-  and  postorbital  bones.  Gular  iKmcs,  an  anterior  azygus  and 
two  laterals  on  each  side,  the  posterior  the  shorter.  Teeth  acutely  conic, 
rather  small  ;  a  few  large  ones  at  the  anterior  part  of  each  jaw.  Verte- 
bral centra  represented  by  osseous  rings  which  enclosed  a  notochord. 

This  new  genus  is  apparently  nearly  related  to  Megalichthys^  and  in  a 
less  degree  to  Osteolepis  and  Diplopterax.  Pander,  Miller  and  others  repre- 
sent the  ventral  fins  of  the  two  genera  last  named  as  not  lobate,  but  sessile,  a 
state  of  things  entirely  diflerent  from  what  is  observed  in  Eciosteorhachis, 
The  subdivision  of  the  dermal  l)ones  of  the  muzzle  is  also  rather  character- 
istic of  Megalichthys.  From  the  latter  genus  it  differs  in  the  form  of  the 
vertebral  centra.  Both  Agassiz  and  Huxley  describe  those  of  Megalichthys 
as  completely  ossified,  and  as  biconcave.  In  Ectosteorhachis  they  are  repre- 
sented by  annular  ossifications  resembling  somewhat  those  of  the  stego- 
cephalous  genus  Cricotus,  but  with  a  larger /yra7/w»  chorda  dorsalis. 

The  elongate- lobate  axis  of  the  fins  of  this  genus  render  it  probable  that 
those  of  Megalichthys  present  the  same  character. 

ECTOSTEORHACHIS  NITIDUS   CopC,  Sp.  UOV. 

This  fish  is  represented  by  several  specimens,  the  best  preserved  of  which 
includes  the  head  and  body  inclusive  of  the  ventral  fins.  These  form  an 
ichthyolite  nearly  denuded  of  matrix,  the  inferior  side  being  best  preserved. 
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No  indications  of  dorsal  fin  are  to  be  found  in  the  spec! men,  and  those 
which  exist  must  originate  behind  a  point  above  the  base  of  the  ventral 
fins.  The  pectoral  fins  originate  further  behind  the  head  than  is  usual. 
The  ventnils  are  well  posterior,  and  close  together. 

The  skull  is  transversely  fractured  at  the  coronal  suture,  as  I  suppose  it 
to  be,  which  divides  the  front,  just  anterior  to  the  point  of  attachment  of 
the  hyomandibular  bone.  At  the  antero  external  angles  of  the  parietals,  are 
distinct  post- frontal  bones  of  a  sub-triangular  form,  which  send  a  process 
]X)steriorly  from  their  external  angle.  The  hyomandibular  presents  a  nar- 
row convex  external  edge,  and  is  directed  backwards  and  downwards.  It 
leaves  a  wide  space  posterior  to  the  postorbital  bones.  Of  the  latter  there  are 
two,  the  inferior  connected  with  the  front  of  the  orbit  by  a  single  wide, 
suborbital  bone.  The  orbits  are  as  much  lateral  as  vertical,  and  are  in 
front  of  a  transverse  line  dividing  the  skull  equally.  The  muzzle  is 
broadly  rounded,  and  is  covered  with  rounded  plates  of  ganoine.  Several  of 
these  have  median  perforations.  The  opercular  apparatus  is  obscured  by 
matrix  in  the  specimens ;  a  small  bone  lies  on  the  inferior  part  of  the  sus- 
pensorium  on  both  sides,  and  may  be  the  preoperculum.  The  top  of  the 
head  behind  the  muzzle  is  entirely  without  ganoine  layer  in  two  speci- 
mens ;  its  surface  is  smooth,  or  weakly  finely  ridged.  On  the  other  hand, 
the  premaxillaiy,  maxillary,  mandibular  and  gular  bones  are  invested 
with  perfectly  smooth  ganoine. 

The  pectoral  fins  are  quite  wide,  and  their  rays  diverge  exclusively  from 
the  inner  lK>rder,  and  are  very  fine.  The  axial  portion  is  thick  and  acu- 
minate, and  has  no  fulcra  on  the  external  edge,  but  is  covered  witli  quad- 
rate and  rhomboidal  scales,  of  very  much  smaller  size  than  those  of  the 
"body.  The  axial  portion  of  the  ventral  fins  is  not  quite  so  large  as  that  of 
the  pectoral. 

The  scales  of  the  body  are  quite  large  and  overlap  each  other  by  botli 
the  free  edges.  Though  their  form  is  rhombic,  the  apex  is  rounded.  The 
surface  is  ganoid,  and  entirely  smooth.  There  are  five  rows  between  the 
Internal  bases  of  the  ventral  fins,  and  twelve  between  the  external  bases  of 
Xhe  pectorals.  The  gulars  of  the  posterior  pair  are  about  as  long  as  those 
of  the  anterior.  There  are  anteriorly  one  and  posteriorly  two  rows  of 
plates  between  the  anterior  gulars  and  the  mandible. 
This  fish  was  probably  three  feet  in  length. 

Measurements,  M. 

Length  of  head  to  base  of  first  distinct  lateral  body  scale 
(posterior  border  of  skull  damaged) 161 

Length  to  base  of  pectoral  fin 180 

"       (axial)  to  canthus  oris 077 

**      of  skull  to  coronal  suture 067 

"  "        "  anterior  border  of  orbit 021 

Width        •'        at        *•  *'  "     065 

"     of  front  between  "  **  '•     036 

**        "        at  coronal  suture 029 
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Measurementi.  M. 

Width  of  skull  at  canthus  oris 145 

Length  of  inferior  canine  tooth 006 

Width  between  bases  of  pectorals 092 

Length  of  basal  axis  of  pectoral 000 

'*         '*  ventral 035 

Width  between  bases  of  ventrals 033 

Diameters  of  exposed  parts  of  an  abdom-  £  fore  and  aft. .  .012 
inal  scale  ( longitudinal. .  .015 

The  Megalichthys  hibberii  Ag.,  which  this  species  resembles  in  some  de- 
gree, is  represented  by  authors  as  liaving  the  scales  minutely  granulated 
on  the  surface.  The  ganoine  layer  also  covers  the  syiperior  surface  of  the 
skull,  a  peculiarity  which  is  not  present  in  the  Ectoaieorhaehis  nitidtAS, 


Explanation  op  Figures. 


Figure  1. — Skull  of  Eryops  megacephalus  from  above,   one  fifth  natural 

size. 
Fig.  2. — The  same  skull,  profile. 
Fig.  3. — The  same  from  below. 

Fig.  4. — Mandibular  ramus  from  above,  one-fourth  natural  size. 
Fig.  5. — A  large  part  of  the  vertebral  column  of  a  second  specimen  from 

the  left  side,  one-fourth  natural  size. 
Fig.  6. — The  same  from  below. 
Fig.  7. — Anterior  view  of  atlas  and  axis,  natural  size. 
Fig.  8. — Posterior  view  of  a  dorsal  vertebra,  natural  size. 
Fig.  9. — Inferior  part  of  scapula  with  coracoid,  of  same  animal,  external 

side. 
Fig.  10. — Same,  interno-posterior  view. 
Fig.  11. — Pelvis  of  the  same  individual,  left  side. 
Fig.  12. — Same,  from  front. 
Fig.  13. — Same,  from  behind. 
Fig.  14. — Same,  from  below. 
Fig.  15. — Femur  of  same  individual,  from  above. 
Fig.  16. — Same,  from  below  and  behind. 
Fig.  17. — Proximal  end. 
Fig.  19.— Distal  end. 

Fig.  20. — Inferior  view  of  skull  of  Empedocles  molaris,  one-half  natural 

size. 
Fig.  21. — Posterior  view  of  the  same  skull,  half  natural  size. 
Fig.  22-25. — Bones  of  Diinetrodon  incisivus,  one-fourth  natural  size,  from 

a  single  individual. 
Fig.  22.— End  of  muzzle,  left  side. 

Fig.  2.3. — Lateral  view  of  a  large  part  of  the  vertebral  column. 
Fig.  21.— Thirteenth  verlebni,  lacking  the  summit  of  the  neural  spine,  from 

behind. 
Fig.  25. — Fourteenth  vertebra,  lacking  apex  of  neural  spine,  from  front. 
Fig.  26. —Nineteenth  vertebra  of  same  skeleton,  lacking  most  of  neural 

spine,  from  behind,  two-tliirds  natural  size. 
Fig.  27. — Sacrum  of  same  from  front,  two-thirds*  natural  size. 
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Slated  Meeting^  May  21,  1880. 
Present,  7  members. 

President,  Mr.  Fraley,  in  the  Chair. 

A  letter  accepting  membership  was  received  from   Dr.  - 
Wm.  Thomson,  dated  1502  Locust  street,  Philadelphia,  May 
1, 1880. 

Letters  of  acknowledgment  were  received  from  the. 
Royal  Observatory  of  Prag,  dated  April  24, 1880  (102, 103); 
Natural  History  Society  of  Netvcastle-upon-Tync,  April  28 
(103, 104);  Brown  University,  in  Providence,  R.  L,  May  1 
(105);  Maryland  Historical  Society,  Baltimore,  May  11 
(105) ;  Smithsonian  Listitution,  Washington,  May  8  (105) ; 
U.  S.  Naval  Observatory,  Washington,  May  10  (105) ;  Hamil- 
ton College,  Clinton,  N".  Y.,  May  8  (105) ;  and  the  Davenport 
Academy  of  Natural  Sciences,  May  4  (105). 

Letters  of  envoy-  were  received  from  Hofrath  Adam 
Freiherrn  Von  Burg,  dated  Vienna,  January,  1880 ;  the 
Society  of  Physics,  Geneva,  January  13  ;  the  Natural  His- 
tory Society,  Marburg,  January,  1880 ;  and  -  the  K. 
Leopoldinisch-Carolinischen  Akademie,  Halle,  a.-S.  Jan- 
uary 2. 

A  letter  was  received  from  Charles  Kraus,  dated  April  26, 
1880,  Pardubitz-Bohemia,  asking  for  the  Proceeding  of  the 
^ear  1879. 

A  letter  was  received  from  the  U.  S.  Naval  Observatory, 
asking  for  Proceedings  Nos.  5,  67, 68,  93.  On  motion  it  was 
:referred  to  the  Secretaries  for  action. 

Donations  were  received  from  the  Royal  Society  of  New 
South  Wales  ;  the  Observatories  at  the  Cape  of  Good  Hope, 
St.  Petersburg,  and  Greenwich;  Academies  at  St.  Peters- 
burg, Dresden,  Dijon,  and  Brussels;  Vereines  zur  Beforde- 
:rung  des  Gartenbaues,  Berlin;  Anthropological  Society, 
K.  K.  Geological  Committee,  and  Hofrath  Adam  Frei- 
herrn  von  Burg,  Vienna;  Editors  of  the  Zoologischer  An- 
zeiger,  Leipsig ;  Royal  Society,  Gottingen ;  Zoological  Gar- 
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den,  Frankfurt,  a.-M. ;  Editors  of  the  Neu^s  Lausitzischea 
Magazin,  Gorlitz;  Natural  History  Society,  Marburg; 
Physical  Society,  Geneva ;  Bureau  des  Longitudes,  Society 
of  Antiquaries,  Annales  des  Mines,  and  Editors  of  the 
Revue  Politique,  Paris;  Physical  and  Geographical  Socie- 
ties, Bordeaux  ;  Editors  of  the  Revista  Euskara,  Pamplona ; 
Royal  Institution,  Royal  Geographical  Society,  Meteorologi- 
cal Society,  Editors  of  Nature,  and  Lords  of  the  Admiralty, 
London ;  Glasgow  Geological  Society  ;  Editors  of  the  Cana- 
dian Naturalist,  Montreal;  Massachusetts  Ilistorical  So- 
ciety; Peabody  Museum,  and  Museum  of  Comparative 
Zoology,  Cambridge;  Editor  of  the  North  American  En- 
tomologist, and  Young  Men's  Association,  Buiialo;  Mr, 
Barclay  and  Mr.  Henry  Phillips,  Jr.,  Philadelphia;  the 
Bureau  of  Education,  and  Mr.  Asaph  Hall,  Washington ; 
Cincinnati  Society  of  Natural  History  ;  State  Historical  So- 
ciety, Madison,  Wisconsin  ;  Missouri  Historical  Society,  St. 
Louis;  and  the  National  Museum,  Mexico. 

Mr.  Henry  Phillij^,  Jr.,  read  a  paper  entitled,  "Some 
recent  discoveries  of  stone  implements  in  Africa  and  Asia." 

Prof.  Cope  made  some  remarks  "On  certain  Tertiary 
Strata  of  the  Great  Basin." 

In  Vol  I  of  the  Report  of  the  United  States  Geological  Survey  of  Iho 
Fortieth  Pamllel,  page  393,  the  able  author,  Mr.  King,  has  dcucribed  an 
extensive  series  of  l)e(l8,  including  many  laminated  shales,  which  are  found 
in  the  northern  part  of  Nevada,  as  constituting  an  extension  of  the  Green 
river  formation  west  of  the  Wasatch  mountains.*  lie  states  that  they 
contain  the  same  siwcies  of  fossil  fishes  as  those  of  the  Green  river  epoch. 
I  published  the  first  notice  of  this  formation,  which  I  examined  at  Osino 
and  at  Elko,  Nevada,  |  and  described  from  it  two  species  of  fishes,  which  were 
referred  to  genera  previously  unknown,  viz  :  Amyzon  and  Trichophane*. 
These  genera  have  not  been  found  represented  in  the  fish  fauna  preserved 
in  the  Green  river  shales,  which  embraces  eight  genera  and  twenty-four 
species.  But  they  occur  in  several  species  and  specimens  in  the  South 
Park  of  the  Rocky  mountains  of  Colorado,  associated  with  the  genera  Rhin- 
e'lsUs  and  Aviia^  neither  of  which  has  yet  been  found  in  the  Green  river 
formation.  The  first  named  is  common  in  the  Bridger,  but  in  a  different 
form,  and  the  generic  identity  is  not  yet  fully  established.     The  Amia  is 

*  1.  c.  I.  p.  f?9:j. 
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represented  in  the  Bridger  by  Pappicthys,  but  in  the  former  genera  the 
characteristic  parts  have  not  yet  been  seen  in  the  South  Park  specimens,  so 
that  here  also  the  determination  of  the  genus  is  not  final.  It,  however,  re- 
mains that  this  fish  fauna  is  different  from  that  ot  the  Green  River  beds, 
and  the  modern  aspect  of  the  genera  points  to  an  age  even  later  tlian  the 
Bridger.  It  is  evident  that  the  pertinence  of  this  series  of  rocks  to  the  Green 
River  formation,  asserted  by  King,  cannot  be  maintained. 

In  the  American  Naturalist  for  May,  1879,  I  named  the  strata  of  this 
epoch  that  of  the  Amyzon  beds,  from  the  characteristic  genus  which  it 
includes,  and  refer  it  to  the  later  Eocene  or  early  Miocene  eras.  Its  fish 
founa  includes  ten  species,  distributed,  as  follows  :  Triehophane$  Cope,  3 
sp. ;  Amyzon  Cope,  4  sp. ;  Bhineastea  Cope,  1  sp. ;  Amia  L.,  2  sp. 

There  is  a  series  of  oilcareous  and  silico-calcareous  beds  in  Central  Utah 
in  Sevier  and  San  Pete  counties,  which  contain  the  remains  of  different 
species  of  vertebrates  from  those  which  have  been  derived  from  either  the 
Green  River  or  Amyzon  beds.  These  are  Emys^  sp. ;  Crocodilu8f  sp. ; 
CUutea  cuTuatut  Cope,  and  a  fish  provisionally  referred  to  Priscacara  under 
the  name  of  P,  testudinaria  Cope.  Dr.  Ilayden  first  directed  my  atten- 
tion to  these  fossils,  and  I  am  indebted  to  the  kindness  of  the  director  of 
the  Museum  of  Salt  Lake  for  the  loan  of  specimens.  I  afterwards  sent  a 
collector  to  the  region,  and  he  obtained  a  number  of  fossils. 

There  is  nothing  to  determine  to  which  of  the  Eocenes  this  formation 
should  be  referred,  but  it  is  tolerably  certain  that  it  is  to  be  distineuished 
from  the  Amyzon  beds.  In  its  petrographic  characters  it  is  most  like  the 
Green  river,  as  it  consists  in  large  part  of  shales.  The  lamiusB  are  gener- 
ally thicker  than  those  of  Green  and  Bear  Rivers.  The  genera  Crocodilus 
and  Clastes  have  not  been  found  heretofore  in  Green  River  beds,  although 
they  are  abundant  in  the  formations  deposited  before  and  after  that  period. 
Until  its  proper  position  can  be  ascertained,  I  proposed  that  the  formation 
be  eilled  the  Manti  beds.     (See  American  Naturalist,  April,  1880.) 

The  regions  of  the  John  Day  River  and  Blue  Mountains,  furnish  sections 
of  the  formations  of  Central  Oregon.  Above  the  Loup  Fork  or  Upper 
Miocene,  there  is  a  lava  out-fiow,  which  has  furnished  the  materials  of  a 
later  lacustiine  formation,  which  contains  many  vegetable  remains.  The 
material  is  coarse,  and  sometimes  gravelly,  and  it  is  found  on  the  Columbia 
River,  and  I  think  also  in  the  interior  basin.  Prof.  Condon,  in  his  unpub- 
lished notes  call  this  the  Dalles  Group.  It  is  in  turn  overlaid  by  the  beds 
of  the  second  great  volcanic  outflow.  Below  the  Loup  Fork  follows  the 
Truckee  Groop,  so  rich  in  extinct  mammalia,  and  below  this  a  formation  of 
ahalei).  These  are  composed  of  fine  material,  and  vary  in  color,  from  a 
white  to  a  pale  brown  and  reddish-brown.  They  contain  vegetable  remains 
in  excellent  preservation,  and  undeterminable  fishes.  The  Taxodium 
nearly  resembles  that  from  the  shales  at  Osiuo,  Nevada,  and  on  various 
fnounds  I  suspect  that  these  beds  form  a  part  of  the  *' Amyzon  Group" 
(American  Naturalist,  June,  1880),  with  the  shales  of  Osino  and  of  the 
South  Park  of  Colorado.    Below  these,  is  a  system  of  fine  grained,  some- 
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times  shaly  rocks  of  delicate  gray  buff  and  greenish  colors,  containing 
ailamites,  which  Prof.  Condon  calls  the  CaUimiU  beds.  Their  age  is  unde- 
termined. 

In  the  existing  Geological  maps  of  Oregon,  the  Coast  range  is  represented 
as  composed  of  Archaian  rocks.  This  is  a  serious  error.  Prof.  Newberry 
has  already  stated  (U.  8.  Pac.  R  R.  Surveys,  Vol.  VI,  pt.  II,  p.  29),  that  the 
fossils  of  the  range  are  of  an  age  not  older  than  the  Miocene.  The  unpub- 
lished notes  of  Prof.  Condon,  formerly  State  Geologist,  state  that  the  back 
bone  of  the  Coast  range  consists  of  argillaceous  shales  which  contain  inver- 
tebrate and  vertebrate  fossils,  frequently  in  concretions.  Some  of  the  latter 
are  Physoclystous  fishes,  with  strongly  ctenoid  scales.  To  this  formation. 
Dr.  Condon  gives  the  name  of  Astoria  shales.  Above  this  is  an  extensive 
tertiary  deposit,  rich  in  Mollusca,  which  is  usually  interrupted  by  the  cen- 
tral elevations  of  the  mountain  axis.  Prof.  Condon  refers  this  to  an  Upper 
Miocene  age,  under  the  name  of  the  Solen  beds.  On  the  flanks  of  the 
mountains,  this  is  overlaid  by  a  pliocene  formation,  containing  some  of  the 
fossils  of  the  Equus  beds  of  central  Oregon.  This  is  both  underlaid  and 
overlaid  by  basalt,  and  other  volcanic  products. 

Dr.  Haydcn  made  a  few  remarks  further  illustrating  the 
same  subject. 

The  Report  of  the  Board  of  Officers  and  Council  was  sub- 
mitted. 

Mr.  Eli  K.  Price,  Chairman  of  the  Committee  on  the 
Michaux  Legacy,  reported  that  the  copy  of  the  portrait  of 
Mr.  Michaux,  as  ordered  by  the  Society,  had  been  executed, 
and  that  he  had  inspected  the  same  at  the  rooms  of  the  So- 
ciety; that  the  likeness  was  good  and  that  after  certain 
changes  in  the  background  that  he  would  recommend  its 
acceptance  by  the  Society. 

Pending  nominations  Nos.  904  and  909-917,  and  new 
nominations  Nos.  918  and  919  were  read. 

And  the  meeting  was  adjourned. 
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Some  recent  discovertes  of  stone  implements  in  Africa  and  Asia,    By  Henry 

Phitlips,  Jr.,  A.  M, 

{Bead  before  t?ie  American  Philosophical  Society,  May  21,  1880.) 

Within  the  last  feW  years  the  science  of  Archaeology  has  received  many 
additions  through  discoveries  of  stone  implements  and  weapons  in  the  cra- 
dle lands  of  the  human  race.  A  lithic  age- (whether  exclusively  so  or  not) 
seems  to  have  existed  in  the  dominions  of  tlie  Pharaohs,  and  in  the  home 
of  the  Yedas,  as  well  as  in  the  rest  of  the  habitable  world.  To  exhibit  a 
short  r^um6  of  what  has  been  lately  found  in  Asia  and  Africa  is  my  ob- 
ject this  evening. 

In  the  Bulletin  of  the  Egyptian  Institute  for  1869,  '70,  '71,  there  is  much 
interesting  and  important  matter  relating  to  discoveries  in  Egypt.  At  the 
meeting  of  the  Institute* held  in  December,  1869.  M.  Lepsius  stated  that, 
acting  upon  information  received  from  M.  Lenormant,  he  had  visited  the 
place  of  an  alleged  find  of  stone  implements  in  the  neighborhood  of 
Thebes.  That  he  had  found  them  in  that  place  by  the  thousands  ;  that  in 
fact  they  were  scattered  in  profusion  throughout  the  entire  desert.  M. 
Arcelin,  a  German  dwelling  in  Upper  Egypt,  reported  that  he  had  found 
similarly  formed  implements  in  deposits  later  than  the  tertiary  period. 

At  the  seance  of  April,  1870,  Dr.  Gaillardot  referred  to  the  discoveries  re- 
ported by  M.  Arcelin  at  Cairo,  of  flint  implements,  of  whose  origin,  use  and 
authenticity,  there  could  not  be  the  faintest  suspicion  of  doubt.  These  were 
found  by  Mariette  Bey  in  the  tombs  at  Baqqarah,  together  with  ornaments 
formed  of  cockle  siiells.  It  seems,  however,  that  these  relics  are  not  of  the 
oldest  stone  age,  but  may  be  as  recent  as  the  historical  period  of  Egypt. 

In  the  tombs  at  Gourmah,  which  come  down  so  late  as  the  eleventh 
dynasty,  vast  quantities  of  barbs  are  found,  whose  points  are  sometimes  of 
wood  hardened  by  the  action  of  fire,  and  sometimes  are  made  of  silex  or 
fish  bones.  It  is  a  very  remarltable  fact,  that  in  all  the  remains  of  Piiara- 
onic  antiquity  even  down  to  the  tombs  of  the  Grecian  epoch,  no  metal 
arrow-heads  have  ever  been  discovered  ;  it  is  the  Grecian  sepulchres  that  are 
the  first  to  afford  bronze  points.  The  Egyptian  implements  are  said  to  lack  the 
patina  which  age  generally  bestows  upon  gentiine  implements.  This  has 
been  urged  against  them  as  an  argument  to  prove  they  were  not  of  the  era 
to  which  they  were  supposed  to  belong.  But  it  is  said,  that  the  very  oldest 
of  all  the  primitive  silex  implements  that  have  ever  been  found  in  Europe 
are  likewise  entirely  devoid  of  patination,  so  that  no  inference  can  be 
drawn  from  tliis  fact. 

Zittel  iound  in  the  Libyan  desert  vast  numbers  of  flints  which  bore  the 
appearance  of  having  been  operated  upon  by  the  hand  of  man  at  a  period 
of  great  remoteness  in  antiquity.  Many  of  them  were  found  in  the 
desert  about  twenty  miles  west  of  the  Oasis  of  Achel.  Stone  implements 
were  used  by  the  ancient  Egyptians  in  tlie  process  of  embalming,  and  even 
to  this  day  are  still  used  as  razors. 

The  existence  of  those  at  Helwan,  on  the  Nile,  nearly  opposite  the  ruins  of 
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Memphis,  first  became  known  about  1872,  liaving  come  to  the  notice  of  Dr. 
Reil,  the  director  of  the  Saoatarium  at  tliat  place.  He  wrote  to  the  Ethno- 
logical Society  of  Berlin,  relating  the  circumstances  attending  their  disco^r- 
ery,  and  placed  a  collection  of  thom  in  the  Boulak  Museum  at  Cairo.  **  The 
nature  of  the  materials  composing  the  plateau  at  Helwan  varies  fh)m  layers 
of  fine  mud  to  beds  of  coarse,  angular  debris,*'  writes  A.  J.  Jukes  Browne, 
Esq.,  in  a  communication  to  the  Cambridge  Antiquarian  Society,  read  at  the 
meeting,  held  November  12.  1877,  "  and,  in  the  railway  cutting,  beds  of 
sand  and  clay  are  to  be  seen  banked  up  against  the  ridge  of  limestone 
which  rises  up  out  of  this  valley.  "The  surface  of  the  plateau  is  gener- 
ally composed  of  loose  sand,  or  stones  and  sand  in  place,  compacted  by 
saline  dei)osits  from  the  thermal  waters  which  here  permeate  the  soil ; 
and  it  is  upon  these  surfaces,  worn  into  irregular  ridges  or  hollows,  that 
the  flint  flakes  and  tools  are  generally  to  be  found.  They  do  not  occur 
below^  the  surface  except  where  they  have  been  covered  up  by  subse- 
quent sand  drifts.  In  excavating  these  sand  drifts,  implements  have  been 
met  with  at  various  depths,  but  none  have  ever  been  found  in  the  beds  of 
mud  and  sand  which  have  been  brought  down  by  the  streams  and  are  ex- 
posed in  the  cuttings  and  diggings  alongside  of  the  railway.  The  normal 
position  of  the  implements  is,  therefore,  uix)n  the  surface  of  the  plain  ;  but  it 
is  to  be  noticed  that  they  chiefly  occur  overlooking  the  greater  depressions 
where  the  hardened  ground  may  have  existed  as  a  surface  for  many  hun- 
dreds, or  perhaps  thousands,  of  yeara  ;  and  there  are  at  least  five  of  these 
spots  where  the  flakes  and  implements  occur  in  such  abundance  as  to  sug- 
gest the  idea  that  these  were  the  actual  localities  where  the  work  was  car- 
ried on,  the  very  manufactories  where  the  tools  of  the  period  were  made. 
The  probability  that  such  is  the  aise  is  increased  by  the  fact  that  the  form 
of  the  flakes  and  the  nature  of  the  instruments  diflfer  considerably  »t  each 
of  the  five  places  referred  to.     ♦    *    ♦ 

'*The  principal  forms  that  were  found,  were  lance- heads,  arrow-headiy 
saws,  long  scrapers,  thick  scrapers,  short  knives,  worked  flakes,  large 
flakes,  small  flakes  and  one  triangular  tool.  No  heavy  weapons  were 
found  at  Ilelwan,  such  as  hammers,  adzes,  &c.,  but  parallel  cases  have  oc^ 
curred  where  assemblages  of  small  flakes  and  scrapers  have  been  found  at 
certain  spots  as  if  manufactured  there,  while  there  is  an  entire  absence  of 
celts,  and  the  larger  kind  of  instruments.  Mr.  Sketchley  states  that  there 
is  a  great  resemblance  in  shape  between  the  Egyptian  and  the  small 
8ufl()lk  implements.  The  Helwan  lance-heads  are  good  specimens  of  flint 
work,  the  whole  surface  being  worked  over,  and  the  sides  chipiMjd  into 
serrated  edges;  they  are  about  three  inches  long,  and  the  base  is  squared 
and  thinned  ofl^for  inserticm  in  the  handle.  The  best  armw-heads  are  also 
well  made,  being  of  an  elongately  lanceolate  form,  the  tag  end  exhibiting 
two  small  nicks  for  the  purpose  of  binding  it  on  to  the  shaft,  in  the  same 
way  as  some  of  the  American  arrow-heads  were  secured. 

•*  But  the  saws  are  the  most  curious  and  interesting  of  the  Helwan  imple- 
ments ;  they  vary  from  two  to  four  inches  in  length,  with  one  side  or  edge 
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nicked  into  wide  or  narrow  teeth,  and  in  some  cases  cut  into  a  gradoatin^ 
series  from  large  to  small  teeth.  The  teeth  are  often  much  polished,  and 
sometimes  more  qr  less  brolcen  as  if  by  dint  of  hard  service,  while  in  some 
of  them  both  sides  are  worked  into  serrations,  one  edge  being  more  broken 
than  tlie  other,  as  if  it  had  been  used  up,  and  the  other  side  had  been 
chipped  out  in  order  to  refit  the  instruments  for  service. 

"The  knife-like  implements  occurred  in  special  abundance,  varying  in 
length  from  one  to  nearly  two  inches,  but  tlio  greater  number  being  about 
an  inch  and  a  quarter  long.  A  few  of  them  are  almost  semi -lunar  in  shape, 
and  are  similar  to  those  used  by  the  Esquimaux  ;  in  the  rest,  one  end  is 
left  blunt,  and  the  other  brought  down  to  a  point,  which  is  generally  very 
sharp. 

'*  Flakes  were  found  at  many  places  in  great  profusion,  together  with 
many  of  the  cores  from  which  they  were  struck.  Almost  all  the  flakes 
seem  to  have  been  utilized,  and  those  that  could  not  be  converted  into  saws 
or  knives  were  chipped,  and  evidently  used  in  some  way  or  other. 

Mr.  Browne  has  given  a  very  long  description  of  these  implements  from 
which  I  have  extracted  the  foregoing  statements.  His  paper  is  full  of 
valuable  matter,  and  deserves  a  careful  perusal.  He  afterwards  enters  into 
the  discussion  of  the  problem  of  the  antiquity  of  these  flakes  and  imple- 
ments, and  takes  the  ground  that  their  occurrence  on  the  surface  in  no 
wise  prevents  them  being  referred  to  a  remote  age,  for  the  reason  that  in 
Egypt  the  surface  has  probably  remained  unchanged  for  a  very  long  period 
«f  time.  In  tombs  of  the  em  of  the  Ptolemies,  flint  weapons  have  been 
discovered,  but  these  cases,  Mr.  Browne  states,  are  very  rare,  and  those 
which  he  saw  in  the  Boulak  Museum,  **aro  different  in  type,  and  more 
modern-looking  tlian  the  Helwan  flints.  Others  which  have  been  found  in 
Che  neighborhood  of  Thebes  are  of  a  more  antique  and  palaeolithic  appear- 
ance. Bir  John  Lubbock  and  others  are  of  the  opinion  that  the  implements 
from  Thebes  are  prehistoric,  even  as  regards  a  land  like  Egypt,  whose 
IcDOwn  annals  extend  backwards  over  so  many  thousand  years." 

The  transition  from  Egypt  to  Palestine  is  not  an  abrupt  one,  and  in  the 
latter  country  relics  of  the  stone  age  were  discovered,  in  1870,  at  Beth 
8aour,  by  Mr.  Louis  Lartet.  Large  quantities  of  stone  implements  of  all 
Icindjs  were  found  at  this  place,  of  which  the  bulk  were  fashioned  into  the 
form  of  knives.  One  notable  exception,  however,  was  a  discoid  flint  re- 
sembling the  usual  European  palseolithii;  type ;  there  were  also  a  needle 
«ind  an  arrow-point  formed  of  bone. 

Mr.  Lartet  is  led  to  believe,  from  his  observations  of  the  locality  and  of 
^he  nature  of  the  find,  that  there  existed  formerly  at  this  place,  a  manufac- 
t.ory,  where  the  fabrication  of  flint  weapons  and  implements  was  carried  on, 
nuchas  has  been  found  to  exist  in  many  parts  of  Europe.  Since  1870,  then? 
liave  been  found  at  Beth  Saour.  in  addition  to  tlie  types  already  spoken  of. 
many  knives,  scrapers,  large  graters,  bodkins,  saws  very  regularly  toothed, 
chisels  which  had  been  polished  on  stone,  and  hatchets.  With  these  were 
mixed  deposits  of  yellow  pottery,  very  roughly  made  by  hand  and  illy 
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iMkoil.  rcEcrnliUng  io  the  l>tin<1a,  iitri[)CB.  di>t8,  {6c,  nliicli  constiiuicd  Ihcir  j 
oraniii)fu union,  llie  work  of  the  neolltliic  period. 

Ill  the  Trund  in  Asia  Hinnr,  at  u  town  kiiowu  na  Hisairlik,  very  nuiasT'  J 
iiiisBione  iinpletnenls  liave  Immh  (iMcoverud,  urtyiiesanrt  »tin]H.<s  niwlngoui  I 
I'ltliuaeusuiklly  tnt^twiUiin  Europe,  ami  are  all  rahriattcduflliaminoKMilw  | 
tliai  occur  in  Turkey.  Oreece  und  lite  Archipelago.     For  oxampio  . 

Serptnlint  Iti'ia  Mugnm,  Corinth,  Delplioa,  &c. 

Jadtite  ttatn  Thubes,  Allhen,  Laninia,  &.c. 

Dioaitt  from  Spuria,  Kk'one,  Ampliycti,  &r. 

AmphiboUtn  fVom  heamoe,  Archied  and  the  PclupnnncaiiB. 

Si/Bni(«  from  Mycuiiaa. 

At  this  laltcT  plrtce  I>r.  Schlieiiiann  reports  the  discovery  of   thirty-live   | 
urrun-htjodH  of  ulwiiliaB  whose  shape  was  similar  to  Uioso  usiil  in  Nanli  | 
America. 
■->(t  Is  stated  IJiat  in  tlutjniiseiim  of  the  uvangelioal  seniinBry  at  Smyrna, 

Are  urv  Hixty  different  iuipleniCDts  of  sloiie  whicli  have  lieon  (bund  In   j 
i>ydia  and  Plirygla,  of  which  «ome  wore  pulisUod,  others  not.     The  forms  ] 
uf  the  halchetr  and  of  tha  lianimcrB  were  similar  to  tlioae  pn^vinuely  ilisoov- 
ered  in  Greece.    Mr.  Pa|iptulopoulos  avers  tliat  the  whole  region  oflvoti' 
iiiin  is  rich  in  relics  of  llic  slime  age.  and  also  tliat  there  nre  abundant  *e»- 
tiges  in  various  lakes  of  Asia  Minor  i>r  lacastriun  linbitiitious.  not  anllke  ' 
those  liereioforo  known  in  Switiicrliiud. 

la  Norlburn  Africa  alone  intplemenls  liave  been  fokiiid,  espetutly  at 
Khencliela  in  Algeria.  Here  H.  Jullien  discovered  i|uantities  of  wotted 
flints,  generally  of  large  sisc,  althougli,  for  tlie  most  part,  liiokou.  In  llii*  j 
instance  the  flndaocconed  on  the  surface  of  the  soil. 

SigDor  Bellucci  found  io  thirteen  dilferenl  portions  of  the  realm  of  ] 
Tunis,  no  Ices  titan  8083  sione  implements,  being  knives,  arrow-he 
discs,  sling  f  tones,  sciBperB,  bodkins.  I>caterg,  Ac.  Fnun  the  Burronndinp  1 
ho  drew  Ihe  iuforBDoa  that  a  workshop  for  nianufoctun;  of  stone  imple'  J 
mcnts  liad  existed  near  Tnnis. 

Heasrs.  FraasandKittcl  report. scverHlty,BimilHrdisciiTurles in Libj'a  aoil  I 
the  Litjyan  dsserL  Uere  the  imiilemcnts  were  nssoeiuted  with  the  remidns  1 
of  quaternary  anhiuils,  Mr.  Fraas  attributed  the  worked  sluncs  wbidi  h«  | 
fiinnd  in  Libya  to  th«  baud  of  man. 

A  large  collection  of  stone  implements  from  the  Cape  of  (tood  Ilopa,  I 
came,  a  few  yean  alace.  Into  the  posseesiim  of  the  learned  Dr.  JoUn  Btmui,  1 
F.R.8.,  P.8.A..  Ac.  of  Heniel  Heraiisieiid,  England,  of  which  hv  hM  bee* 
kind  cnongb  to  write  for  me  the  following  description  :  •■  They  appear  U 
tie  of  two  dilTerenl  ages,  some  being  apparently  palieolitbic  and  closely  r*-  i 
sembling  in  form  tliose  of  the  Eumpean  river  gravels  and  ihose  in  quaruiita  I 
from  the  latcntc  deposits  of  Madras  ;  and  others  neolithic.  Among  tl 
latter  are  numerous  flakes  of  liBsalt.  proltably  lance-beads,  and  soinc  wvlll 
wrought  small  spear-beails  in  flint.  There  are  nlsc)  hammer  alUDas,  boUrl 
perforated  and  with  reccesoe  on  one  or  both  sides  (possibly  ttiose  nay  b»m 
more  of  tlicnalme  of  mortiirs).  nnd  the  usuitl  'digging  stuuue'  far  weight- • 
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ing  pointed  Bticks.  The  palseolithic  implements,  if  such  they  really  be,  are 
scarce.  I  have  one  very  fine  specimen  from  Proceso  Fountain.  Victoria, 
West.     It  is  not  of  flint  but  formed  of  some  hard  metamorphic  rock." 

On  tlie  30th  of  November,  1878,  Mr.  V.  Ball  read  l)efore  the  Royal  Irish 
Academy,  an  essay  **  on  the  forms  and  geographical  distribution  of  stone 
implements  in  India,*'  in  which  country  he  had  resided  several  years.  Ho 
goes  into  the  subject  at  considerable  length  discussing  the  various  finds  in 
(1)  Madras,  {2)  Hyderabad  and  the  Berars,  (3)  the  Central  Provinces  and 
Baudelkhand,  (4)  Rajputana  and  Central  India,  (5)  Bombay,  (6)  Sind  and 
Beluchistan,  (7)  Bengal  and  Orissa,  (8)  Assam  and  adjoining  countries, 
(9)  Burmah,  (10)  Andaman  Islands,  (II)  Sumatra  and  (13)  Java.  As  a 
rule  these  implements  are  of  the  usual  types,  some,  however,  in  Bandel< 
khand  being  evidently  symbols  of  the  Lingam,  some  being  {lerforated 
atones ;  sometimes  they  are  *'  well-shaped  knives,"  discoidal objects,  flakes 
and  arrow-heads,  all  palaeolithic  (only  one  polUhed  celt  having  been  found 
in  the  Madras  presidency),  and  a  very  few  polished  celts  approximating  to 
ihe  unsbouldered  Burmese  forms  have  been  discovered  in  Assam.  In  the 
Burmese  implements,  however,  the  cutting  surface  has  a  chisel-like  edge, 
while  the  Assamese  tools  have  the  edges  ground  down  on  both  sides.  In 
the  Andaman  Islands  at  the  present  day,  Mr.  Ball  states,  there  inhabit  a 
race  of  people  who  manufacture  flakes  from  flint  pebbles.  ''  The  Burmese 
call  these  implements  iHo-jiOf  thunder  chain,  or  thunder-bolt,  and  believe 
that  they  descend  with  the  lightning  flash.  It  is  supposed  to  possess  many 
occult  virtues,  one  of  the  chief  of  which  is  to  render  its  wearer  invulner- 
able, and  many  an  unlucky  mo-jio  has  succumbed  to  the  popular  test,  which 
is  to  wrap  it  in  a  cloth  and  fire  a  bullet  at  it  at  short  range.  If  the  man 
misses  the  doth  the  authenticity  and  power  of  the  charm  is  at  once  estab- 
lished :  if  the  stone  is  fractured  it  is  held  not  to  be  a  real  mo-jio.  Other 
less  severe  tests  are  also  applied.  Fowls,  it  is  supposed,  will  not  venture 
near  rice  on  which  a  real  mo-jio  is  lying  ;  fire  will  not  consume  a  house 
that  contains  one ;  a  plantain  tree  cut  down  with  one  will  not  sprout 
again  ;  and  last,  but  not  the  least  in  esteem,  the  owner  of  a  real  mojio  can 
cut  a  rainbow  in  half  with  it" 

In  Java  a  considerable  series  of  chipped  implements  and  polished  celts 
lias  been  found,  "which  have  been  reported  on  by  a  commission  appointed 
for  the  purpose  by  the  French  Academy  of  Science." 

Mr.  Ball  (p.  399)  calls  particular  attention  to  a  ring  stone,  too  heavy  for  a 
spindle  whorl  or  net  sinker,  and  which  he  believes  was  really  a  weapon  of 
offence  to  be  grasped  in  tlie  hand  and  used,  as  he  expressed  it,  as  a  sort  of 
"knuckle  duster,"  in  an  encounter  between  men  and  wild  animals.  The 
chief  point  of  interest  about  it  is  its  very  close  resemblance  to  forms  which 
have  not  uncommonly  been  met  with  in  Europe,  and  likewise  in  Pennsyl- 
vania, Virginia  and  other  parts  ot  North  Americ^i. 

Accompanying  Mr.  Ball's  paper  is  a  map  of  the  geographical  dis- 
tribution of  stone  implements  in  India.  '*The  chipped  quartzites  occur 
throaghoat  a  vast  area  north  and  south  from  Sanger  to  Madras,  east 
and  west  from  Ranig^pJ  m  30nga),  to  Neemuch   in  Rajputana.    Even 
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in  flir  (Kstnnt  Jnvn  iinplomontg  or  n  somcwlmt  simihr  chnracur  Iuito 
beca  met  with ;  a  Tact  of  conaldemlili;  iaiBrest  pointing  to  n  prebls- 
tiiric  eonneclion.  Ftakos  and  coiea  arc  limilod  in  llioir  (llatributinn 
to  tlie  aren  wUicU  liKtends  nuiih  itod  souiU  from  Kerowlie  in  KitJpiitKnn,  lo 
Peyton  on  tlio  Ooduveri,  in  Bombay,  nml  cast  iiud  wost  from  Singhbhnm, 
In  western  Benitnl,  lo  Snkkur  on  Uil'  Indus,  in  Siml.  and  still  furilier  e*en 
lo  Owad]ir,  in  Beluchislan.  Tlie  [toliflied  i^clts  eictenil  from  TTppur  A«»m 
to  Singliljhum.  in  BuQj-ikl.  and  from  tiic  Irawixli  Vuliv;,  in  BumiAli,  to 
Jiilialpur,  in  llie  Central  Provinces." 

Tbe  nittp  is  colored  tii  sliow  itioBc  diBtribiitiooB  retipeoiively  for  wcit 
clutw  in  tbe  order  above  rufurred  to.  liglit  pink,  light  purplu,  ami  ligkl 
blue.  Hr.  BhU  offers  two  theories  to  acoount  for  tliU  distrihuiion  of  Bint 
linploments:  one.  that  from  a  central  interior  point  spread  forth  succeuive 
waves  of  em tgrntlon  at  different  stages  of  civilization  :  the  ntlier,  to  wlitcb 
he  Inclines,  was  tlutt  the  central  area  was  a  point  of  convergence  ntber 
than  of  divergence,  Imslng  bis  opinion  on  the  fact  that  the  man ulkctu rata 
tteconie  more  abundunt,  and  exhibit  greater  skill  In  proiurtion  as  we  ro- 
rode  fWitn  this  central  area.  A  fact  lending,  in  his  judgment,  to  oorrohoniui 
the  notion  llmt  India  was  oncu  an  island,  which  gradually  nrosc  from  the 
ocean  nt  n  period  subsequent  to  its  first  being  inbiibitcd  ;  that,  as  the  centnti 
ports  of  the  country  became  accessible  lo  wanderers  from  the  Burnmndlng 
<|Uartors,  with  n  knowledge  of  their  rcs|iective  arls,  were  thrown  more  in 
ciinlact  with  each  other.  Iwcfjoiing  the  ancesicrs  of  R<m)e  of  tbo  widely  dis- 
tinct races  now  living  in  India."  Hr.  Ball  adds  to  his  paper  a  Hsi  (cover- 
ing twelve  pages  3vo|,  of  ilie  localliica  in  India  wiiere  ancient  sione  Imple- 
ments have  lieen  discovered,  and  I  would  call  your  attention  lo  the  wbrilu 
article  lirom  which  these  ex  tract  s  (referring  to  India)  have  been  taken  w 
being  carcfkilly  wrttl«n  and  of  great  interest  nttil  Importance.  ( Pitwtiedlngi 
of  the  Royal  Irish  Academy,  Dublin,  Vol.  1.  Sor.  ii,  No.  18.  April,  IBVD.) 
lo  the  opinion  of  some  writers  of  pniroinencc  and  ability,  the  terjr  ex- 
islence  of  a  stone  age,  per  »e,  has  been  doubted,  and  the  suggestion  thrown 
nnt.  wblch  is  plausible  enough,  that  litbic  Implements,  Ac.,  were  liacd  in 
*  connection  with  others  of  metal  wblch  have  not  survived  to  modern  tima. 
It  is  not  my  wish  to  enter  into  any  controversy  respecting  this  much  T«xed 
question.  My  only  object  in  the  present  instance  has  boeu  lo  gather  Into 
one  paper  valuable  facu,  at  present  dispersed  and  scattered. 

[NoTB.-At  the  Conjrreas  of  A.n^lls■oloKl«^  tn  IWl.  llie  Mnrqi'ls  ■'»  Vlhfuy.ejc 
liiblted  a  collection  of  alone  lmi>lom«nta.  Ae..  fnttnd  In  Japan,  iimoiin  tine  In  nH 
In  mixly-aeven.    Or  the  hflt«heM  mnny  were  perfomteij.  nnil  ibe  tyv^t  alt  liar* 

were  Turmcd  wm Jndf.  but  ntlicr  iloneBwere  also  iwed,  tiioIiiiUnt 
■le  or  tbeic  abjocls  could  not  be  aallBCnclorlly  dotermliuHl, 
relative  DlvlllHtliin  of  Jupiin  wm  In  wliat  suemeit  to  livapullf'li 
Wtttiln  the  past  year  I  imii  dolmcna  hava  been  opened  Id  Japitn 
•rrovra,  Jtc.  have  bcnn  tuiind.  It  Instateil  itiat  the  bIidII  mouudsat  AmorlanB- 
lain  bnnetnriDonkey*.  deer,  bonr".  wiilve«,  nud  dogs,  with  not  a  few  ramnjqa 
tbat  plainly  point  ut  iho  formvr  prevnlHiipc  or  onnnlbaUsm.  In  Ctichtn-C3i]n«, 
the  PrcDcb  aKii''i'**lon*  htive  led  lo  tbe  dIsiMvcry  or  stoun  iTniilttinenl*,  ■ili> 
dntibtnlly  OiililniiKd  liy  thp  linod  nr  imilii,  nniunK  foUiTy,  >1ii>lt>,  and  liumiiB 
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Slated  Meeting^  June  18, 1880. 

Present,  9  members. 

President,  Mr.  Fraley,  in  the  Chair. 

Mr.  Wra.  B.  Rogers,  Jr.,  a  newly-elected  member  was  in- 
troduced and  took  his  seat. 

Letters  accepting  membership  were  received  from  Joseph 
A.  Murray,  dated  Carlisle,  Pa.,  May  81,  1880 ;  and  from 
Ogden  N.  Rood,  New  York,  May  10. 

Letters  of  acknowledgment  were  received  from  the 
Royal  Zoological  Society,  Amsterdam,  dated  June  2, 1880 
(104) ;  and  the  Royal  Geological  Society  of  Ireland  (104). 

Letters  of  envoy  were  received  from  H.  Scheffler,  dated 
Braunschweig,  April  30,  1880  ;  the  Board  of  Commissioners 
of  the  Second  Geological  Survey  of  Pennsylvania,  May 
20 ;  Mr.  Frederick  Fraley,  Philadelphia,  June  16 ;  and 
John  Hay,  Assistant  Secretary  of  the  Department  of  State, 
Washington,  May  22. 

A  letter  was  received  from  the  Librarian  of  the  Cincin- 
nati Public  Library,  dated  May  24,  1880,  requesting  to  be 
allowed  to  buy  certain  volumes  of  the  Transactions  of  the 
fcJociety.  The  matter  was  referred  to  the  Librarian  with 
power  to  act. 

A  circular  letter  was  received  from  the  Smithsonian  In- 
stitution, dated  June  1, 1880,  asking  certain  questions  con- 
cerning the  condition  of  the  Society  and  its  Library. 

Donations  for  the  Library  were  received  from  the  Bureau 
of  Mining,  Melbourne;  the  Governor  General  of  India; 
Academies  at  St.  Petersburg,  Berlin,  and  Rome  ;  Observatory 
at  Prague ;  Bureau  of  Statistics,  Stockholm  ;  Editors  of  Flora 
Batava,  Leyden ;  Dr.  Hermann  Scheffler,  and  the  Editor  of  the 
Zoologischer  Anzeiger,  Leipsig ;  M.  A.  Delesse,  and  the  Editors 
of  the  Revue  Politique,  and  Annales  des  Mines,  Paris ;  Com- 
mercial Geographical  Society,  Bordeaux;  Editor  of  the 
Revista  Euskara,  Pamplona ;  R.  Astronomical  Society, 
Victoria  Institute,  and  Editors  of  Nature,  London  ;  Essex 
Institute,  Salem;  American  Journal,  New  Haven;  Brook- 
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]yn  Entomological  Society  ;  Aincrican  Cheniica]  Society,  and 
Editors  of  the  American  Entomologist,  New  York  ;  Rods- 
eelaer  Polytt-ehnic  Institute,  Troy ;  Editor  of  the  Nortli 
American  EntomologiBt.Buflitlo;  Zoological  Society,  Fmnk- 
Uu  Institute,  Editors  of  the  Medical  News,  and  the  Ameri- 
can Journal  of  Pharmacy,  Mr.  Henry  Phillips,  Jr.,  Dr.  F. 
V.  Hayden,  Mr,  Chapman  Biddle,  and  Mr.  Benjamiii  H. 
Smith,  Philadelpliia ;  Mr.  Peter  Sheafler,  Pottsville;  Board 
of  Commieeiouera  of  the  Second  Geological  Survey,  Pennsyl- 
vania; Peabody  Institute,  Baltimore  ;  Wabash  College,  In- 
diana ;  Col.  Chae.  E.  Jones,  Augusta.,  Georgia ;  Geographical 
and  Statistical  Society,and  Editor  of  the  Kevista  Cientifica 
Mexico;  and  Mi-s.  Ellen  L.  Schott 

Mr.  Blodget  made  the  following  remarks  upon  certaia 
features  of  Industrial  Migrations  as  shown  in  the  manafau- 
tures  of  Philadelphia. 

The  [levclopmeDt  of  tnaoy  of  the  indiulrles  of  Pliilndelphw  prcaenU 
cltancterisilcs  strikingly  rvBc:mb1ing  tliiwe  of  HHtluns  conepicuoUB  In  bls- 
torj  for  induitrial  prospcrily.  Hiiilotj  aa  usually  written  nffunU  but  mi 
imperrect  riew  of  the  real  cAuseB  of  Datlonnl  growih,  ad(]  wp  aru  led  to  In- 
fer Uikl  tlie  empluymimt  of  tbe  people  is  altogether  dccondary  kdiI  sulxirdi- 
Diite.  Oneofthebestof  ilieuioreautlieulic  iiD(ll>ellor  works  wbicb  sliould 
take  the  place  of  hlsiories  is  a  trcutise  by  ilie  MarquU  De  U/.turJE,  on 
ilic  iodustrful  etoDomy  of  Spain,  originally  printed  in  1724,  und  reprinted 
In  England  in  ITSl,  by  John  Klppax,  under  the  palnmagc  of  the  Prince  of' 
Wales.  It  gives  a  vivid  picture  of  the  great  indusirics  in  wool  and  aOk 
which  made  Sjuln  rich  and  prosperous  before  tli«  gold  of  the  X«w  World 
was  known,  thtville,  Oranada.  Cordova  and  Toledo  liecumu  magnlflceat 
cltiee  Ihniugh  these  Industries  in  wool  und  silk,  and  sent  Spanish  clOlliB 
■nd  embroideries  lo  every  country  of  Europe.  Seville  alone  lukd  1A.O0O 
looms,  employing  48,000  [Wrsons,  and  maintaiaing  direelly  13,000 fam III ei| 
or  60,000  persons.  Bijt  this HUteaman  of  lliat  early  pennil  found  Ibal  great 
mis  fori  unvs  followed  the  neglect  of  maDUfacmreB,  and  that  a  falso  poticjr 
of  laxatloQ  bad  transferred  many  of  ihem  lo  France  and  ilie  Low  Onaii< 
trieH.  He  wrolt  earnestly  hi  n-'iislance  of  that  I'olicy.  and  struggled  10 
reHtore  Ilie  ancient  sjilcndor  of  tliOHe  great  cities.  The  Bfunlsh  ruling  ntU* 
wns  inlhtunled  with  the  gold  and  silver  ol  the  American  colonies,  liowevcFi 
and  ibe  nrst  great  indiisirinl  wigmtion  carried  wbnt  remained  of  tbetn  Into 
the  Low  Countries,  from  which  they  worii  subseqaonlly  drnwu  iwrtly  tnlit 
France,  by  the  ikll)  of  Minister  Colbert,  and  still  lal«r  Into  England.* 
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At  the  first  examination  I  had  the  opportunity  to  make  of  the  textile 
industries  of  Philadelphia,  I  was  struck  hy  the  evidence  afforded  that  they 
represented  a  migration  and  transfer  which  wt)uld  soon  attain  mucii  greater 
proportions,  and  which  even  then  deserved  public  attention  as  an  impor- 
tant interest.  I  published  a  list  of  mills  in  1857,  and  again  in  1858,  writ- 
ing frequently  in  regard  to  it^  and  reprinting  the  Census  of  1860,  of  which 
I  had  tlie  supervision  so  far  as  related  to  manufactures.  In  that  year  I  had 
the  opportunity  to  show  to  Mr.  W.  S.  Lindsay,  member  of  Parliament  from 
a  north  of  England  district,  the  work  of  thousands,  recently  emigrated  from 
Nottingham,  Leeds  and  other  manufacturing  districts,  claiming  that  a  trans- 
fer  of  those  industries  was  in  progress  which  would  have  a  great  influence 
on  the  (Viture  of  the  United  States.  Again  in  1870  the  evidences  became 
still  more  decisive  and  the  ratrj  of  progress  much  more  rapid,  but  it  was 
i^eserved  to  the  period  from  1876  to  1880  to  complete  what  must  be  regarded 
as  the  roost  striking  and  massive  of  the  great  historic  movements  which 
have,  since  Ihe  15th  century,  carried  from  one  nation  to  another  the  crown  of 
ascendancy  in  textile  industries.  I  am  well  aware  that  it  will  not  bo 
admitted  in  many  quarters  that  this  movement  has  gone  so  far  as  I  claim. 
This  point  is  not  material,  however,  if  the  facts  of  mpid  progress  in  that 
direction  are  conceded.  No  one  can  deny  that  the  most  important  suc- 
cesses have  attended  the  effort  to  establish  the  textile  industries  here,  and 
that  they  represent  an  extent  of  employment  of  productive  power  in  looms 
and  machinery  exceeding  the  most  prosperous  days  of  Seville  or  of  Man- 
chester. 

The  point  of  interest  in  the  philosophic  sense  is  this  apparent  relation  of 
national  development  to  these  greater  industries.  It  is  singular  that  they 
have  migrated  as  national  supremacy  has  changed  its  place,  or  more  proba- 
bly that  an  enforced  migration  has  been  the  chief  agency  in  building  up 
one  country  at  the  expense  of  another.  Spanish  prosperity  may  very  nat- 
urally have  been  supposed  to  be  inseparable  from  the  Spanish  race  during 
llie  period  in  which  Ferdinand  and  Isabella  "  published  one  hundred  and 

Inand  nnd  Isabella,  and  the  Emperor  Charles  V,  as  follows:    "The  ancient  hls- 
*'  torlans,  more  inclined  to  speak  of  battles,  sieges,  revolutions  and  other  events 
'**that  make  a  noise  in  the  world,  than  U>  transmit  the  publick  measures  in  Ta- 
••vor  of  commerce,  take  little  notice  of  the  provisions  made  for  its  encourage- 
••rnent  by  our  great  monarchs,  who  most  distinguished  themselves  by  their 
**  wisdom  in  the  arts  of  peace  and  war.    King  Ferdinand,  the  Pious  was  of  this 
** class,  and  In  his  reign  there  is  mention  of  one  circumstance  on  this  head, 
**  that  after  he  had  rescued  the  city  of  Seville  from  the  yoke  of  the  Mohamme- 
**dnns  in  12IH,  be  settled  there  many  artificers  who  are  the  basis  of  a  profitable 
••commerce,  which  is  alone  attainable  by  good  manufactories."    Next,  their 
^Majesties,  Ferdinand  and  Isabella,  by  statutes  of  1478  to  1494.  made  various  reg- 
ulations in  favor  of  manufocturers  of  silks,  brocades  and  cloths,  and  the  said 
Ferdinand  and  Qneen  J  nana,  his  daughter,  in  1511,  **  published  119  laws  respect- 
*'  ing  the  fabrication,  dying  and  sale  of  cloths  and  stuflTs,  every  one  of  which 
*•  tended  to  make  Improvements  in  these  manufactures."    Also,  the  Emperor 
Cliarles  V.,  by  statutes  of  1528, 1549,  1552and  others,  added  a  hundred  further  laws 
regulating  tliese  industries,  but  during  this  century  the  imposition  of  heavy 
ln*ernnl  tnzcs  aided  the  transfer  of  many  textile  industries  to  Flanders,  and  in 
part  to  France.— ^«  Ktppaz^s  IrannlalUm^  1751.  Vol.  /,  p.  196,  &c. 
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1  luws  rcBiK'cling  lliu  raliricatlon,  dying,  end  sula  of  clollia  and 
stufla,  every  tme  of  wbicb  lendeil  U)  uiake  iiupruvcmeiila  in  citcli  ot  tlie 
seveml  nianuraclures"  :  buv  IwuocnluriuBliitei'lUisimluBlry  liftdgooe  ttom- 
Spnin  nud  ri'nin  tlic  S|nuiU1i  nu-e  tu  couulries  in  Ihe  north  or  Europe.'. 
From  Europe  to  tbis  oKlDlry  tbe  tnnaitioa  is  porreclly  uMural  and  euja'' 
coming  witb  Lhe  immigra^on  wbicli  till  tbe  clrcanwtnDCM  unite  in  iawlliag« 
It  Is  not  in  opposiiion  lu  ruce  prejudicvB.  but  entirely  in  accord  witli  Uien,! 
that  tlie  crowded  po|itilu1it)nii  of  Froncli  or  English  cities  should  bring  « 
them  ibe  industries  which  found  their  liest  nmrkat  here,  nud  est^tliih  nlU 
weuving,  tnpcBtrief,  diunEiBkB,  unduU  roruiBofornamctttitditssuoBinailltiind: 
wool,  OS  wull  OS  tbc  pUincr  fahrirs  whicU  are  niorc  pminplly  intruOuoed.' 
It  is  certain  that  they  are  being  so  introduced,  and  with  a  degree  of  rtpldltj 
mncb  greater  than  is  usuitlly  supposed. 

Tbc  elemeaisorpcrmanencebulonglng  to  lilts  movement  lire,  however,  Iwt-- 
icr  shown  in  the  tmnefcr  or  English  industries  in  nciol  tind  coIIod,  Ilian  W 
the  silk  and  worsted  of  PrantH.'  and  Germany,  The  English  movctnen 
been  in  progress  Tor  twenty-five  or  thirty  y«iirs,  wiili  a,  preliminary  Oi 
liat  movement  from  the  nonh  ot  Ireland  and  extreme  north  of  Eng1and< 
fifty  years  ago.  Hand  loom  weaving  in  linseya  and  colored  ootlons  waif" 
the  distinctive  form  here,  while  the  cloth  fulling  and  woolen  cloth  weaT*.. 
ing  from  the  west  of  England  wub  common  to  the  whole  country.  Oowlf 
following  tbcBe  was  tbe  carpet  weaving,  which  orlgiuiited  fn  Ynaoe,  biitk 
WHS  given  a  fomi  better  adapted  to  general  use  in  the  English  inginlniw  ai 
one  which  transplanted  here  lias  been  extended  witb  great  rapidity  aad' 
Buccess.  Tet  the  weavers  are  Bnglisii,  and  estahllBbmentB  whetlier  itt  the* 
smallest  or  of  enormona  magnitude  represent  English  mlgmtlous  chiefly,*^ 
and  bring  witii  tliein  all  that  English  skill  haw  ntlAlned.  as  well  as  add  Ih^ 
mi>st  recent  American  iieciiliarlties.  The  impression  tbey  make  U  vei]^' 
striking,  that  it  is  not  any  present  commercial  or  business  advantage  tliM' 
has  brought  them,  and  that  the  BOOO  men  uf  English  birth  which  tbv  cu- 
pet  industry  alone  employs  in  Philadelphia,  are  greater  tlian  all  tlie  tcmr 
porar;  clrcuniBtunceB  that  can  surround  iIiIb  carpet  industry  as  a  hUBiueibi| 
Their  presence  creates  many  of  these  circunistancea,  and  natumlizua  lktt< 
change. 

In  the  hosiery  and  knit  goods  industry  there  is  a  large  prepunilerauce  01 
Euglish  Ideality,  as  It  may  be  asld,  of  identity  in  machinery,  in  wotkinow 
and  in  pruprietorHbip,  but  there  isnlsoaconsidenvblc  sbure  of  Qenniui  a 
French  elemenl*  of  each  of  these  claascs.  The  variety  of  fabrics  and  MtU 
cles  made  in  this  manner  la  mncb  greater  than  ia  usually  supposed,  scarcely 
an  article  of  Qiiiabed  elotlilng  being  exccpte<).  Shawls,  searft,  cape  WU 
bend  dreBseii,  coals  or  jackets,  sleeves,  gloves,  &p.,  witli  all  forma  af  boa 
icry  proper,  enter  into  consumption  In  this  country  to  tlic  extent  prabsMj 
of  forty  millions  of  dollars  In  value  yearly.  Under  the  eSWit  of  n 
developmenlB,  four-HftliB  of  the  supply  rei|uircd  is  now  produced  h*r«,  Md 
with  cluinges  in  design  and  ndnptnlion  consliinlly  elT^'Cled.  the  Indilt 
ilaclf  ia  much  extended  and  enlarged. 
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These  primary  and  necessary  industries,  as  they  may  be  characterized, 
are  here  as  highly  developed  in  ornamentation  and  artistic  efiect  as  many 
of  the  more  costly  textile  fabrics.  Once  established  on  a  basis  of  skilled 
artizaus  re^dent  here  the  changes  which  are  required  for  assimilation 
with  the  country  are  etfected  easily  and  without  disturbing  that  basis,  or 
weakening  its  identity.  The  German  workman  is  not  less  a  German  or  the 
Knglisb  knitter  not  lens  a  representative  of  English  skill  because  of  the  new 
adaptations  which  he  acquires  here,  or  is  directed  to  employ  by  a  proprie- 
tor who  uses  steam  power  where  hand  power  only  was  previously  employed. 

This  age  is  as  luxurious  in  some  of  its  tastes  and  demands  as  any  that 
has  preceded  it,  but  in  others  it  is  much  more  moderate.  The  costly  royal 
cloths  of  Spain,  rich  of  themselves  and  loaded  with  gold  or  silver  embroid- 
ery, are  no  longer  demanded  by  any  market ;  and  it  is  only  in  fabrics  exclu- 
sively of  silk  that  such  obvious  luxury  finds  an  acceptable  outlet.  But 
what  is  wanting  on  the  more  costly  is  more  than  made  up  on  the  avei*age 
quality  of  fabrics  in  universal  use. 

Thfe  relation  of  these  industries  to  the  prosperity  of  the  cities  where  they 
exist,  and  to  that  of  the  nation  or  country  iu  which  they  form  a  pnmiinent 
feature  of  general  business,  is  not  less  marked  now  than  at  any  former 
period.  And  the  adaptations  of  steam  power,  which  now  increase  pro- 
duction enormously  without  impairing  its  quality,  must  invariably  accu- 
mulate wealth  more  rapidly  than  was  possible  before  steam  was  known. 
The  16,000  looms  of  Seville  constituted  a  remarkable  productive  force  tor 
the  age  in  which  they  flourished,  and  they  may  well  be  named  with  pride 
by  the  Spanish  minister  ;  but  there  are  30,000  looms  driven  by  steam  power 
in  Philadelphia,  producing  a  vastly  greater  aggregate  of  such  fabrics  as 
this  age  demands  ;  uTnd  though  inferior  in  costliness,  it  is  probable  that  tliey 
«ire  as  productive  in  material  wealth  to  the  city  as  were  the  looms  of  that 
«nce  splendid  city  of  Si)ain. 

If  this  is  in  fact  the  natural  line  of  movement  from  one  country  to  another 
«f  these  greater  industries,  the  matter  is  worthy  of  consideration  on  higher 
grounds  than  those  which  are  merely  commercial  or  industrial  in  the  busi- 
aiess  sense.  The  evidence  is  too  strong  to  admit  of  doubt  that  tlie  industrial 
^uigrations,  taking  with  them  the  foundation  industries  in  wool,  silk  and 
^x)tton,  have  made  this  city  of  Philadelphia  their  chief  i)oint  of  (kstination ; 
Miot  exclusively,  however,  but  with  a  liberal  distributi(m  in  northern  cities. 
They  do  not  find  so  much  to  favor  them  in  the  factory  towns  of  New  Eng- 
land, to  which  only  the  workmen  in  like   factories  in  England  or  on  the 
^x>Qtinent  find  themselves  adapted.     These  factories  represent  a  different 
^lass,  distinctly  separated  from  the  aggregations  of  skilled  workmen  in 
Xyons,  Paris,  Philadelphia  and  like  large  cities.     They  are  in  some  res- 
'^cts  higher  and  more  advanced  developments  ;  but  they  rest  on  a  more 
iiarn>w  basis.     A  factory  or  corporation  may  exist  for  twenty  years  in  one 
locality  without  fixing  there  an  associated  business  which  would  survive 
the  stoppage  of  the  one  mill.     But  here  it  is  the  workmen  and  their  looms 
that  constitute  the  fixture.    The  mill  and  the  steam  power  arc  a  valuable 
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Eu^Tinct,  lint  the  wiiric  cnn  go  on  wiihouL  ihem.  Nnlbing  liul  tlie  Jls'ieal 
of  ruinous  UnatioD,  or  Ibe  sultslittllion  of  a  tax  on  expoiia  for  tbe  props 
lax  on  imports,  as  waa  doni!  under  the  corrupt  rule  of  tliu  inunarPhB  wl* 
ruined  Spain,  can  destroy  indigenous  or  tliuroughly  nationnlixed  ludustrifl 
such  as  tlieee. 

The  lounduilon  industries  in  wool,  cotton  uod  silk  liave  come  here 
stay :  tliey  lutve  come  Trom  England  flrst.  nnd  aaxl  tmm  Oenn»ny  an 
Troiu  Franci: ;  and  liiey  already  fUmisli  an  addition  of  ranny  Ihuusands 
triLiued  adults,  men  and  wuinun.  lu  tlio  lH>dy  oT  tlio  jnpulailon  of  tb 
^ruater  cities  uftLe  United  Stales. 

Mr.  Phillips  called  to  the  attetitlon  of  the  Society  the  new 
Dictionary  of  the  English  Language  which  waa  now  ap^ 
proaching  its  completion. 

The  flrat  eerm  of  ttie  project  grew  out  of  a  pitper  read  before  the  Pliilo- 
logical  Society  In  1857.  by  Aicbblaliop  Trencli,  on   "Some  dcfldencleB  iq 
our  English  Dictionaries."     The  Society,  BUbaequentiy,  in  1858,  iasued 
"  Proposal  fur  tbe  publication  of  a  New  Engllsb  Dictionary,"  in  wlilcli  tlu 
general  scope  and  method  of  the  intended  work  were  sot  forth.  Tbe  lieav; 
flnanciul  outlay  requisite  and  other  obttructini;  causes  retarded  tbe  wnri 
till  alioui  three  years  ago,  when  Dr.  .1.  A.  H.  Murray.  Presidenl  of  tbe  Pbi 
lological  Society  and  Unster  of  tlie  greiit  Mill  Hill  Sehmil,  In  Londoa,  lod 
up  tbe  manageincnt  and  infused  a  new  vigor  into  tbe  undertaking.     Ttl 
plan  is  to  fumisb  a  history  of  each  word  in  tbe  English  language,  with 
(luolation  from  some  autlior  in  every  century  «nce  its  Drat  appeanuicflj 
thus  showing  the  date  of  its  entmnce.  and  the  progres^ve  changes,  if  an/ 
which  bave  occurred  in  its  form  and  meaning.     According  to  tbe  materiat< 
mirctdy  in  hand,  giving  a  sentence  for  every  citation,  the  Dictionary  wouU 
fill  seven  quarto  volumes  of  2000  imges  eacU  but  the  intention  is  to  reduQ 
tbe  quotations,  when  it  can  be  done,  to  a  smaller  compass,  thus  keeping 
within  the  trivial  limit  of  "7000  quarto  pages  of  the  siee  of  Liiir^'    ~ 
Dictionary,  makinga  work  one  and  a  half  times  the  size  of  that,  or  moKI 
fourtimcs  the  aixe  of  Webster,  any  in  four  thick  volumes  qunrto."  Tbe 
will  be  published  at  tbe  Clarendon  Press,  Oxford,  and  tbe  inlontiou  fa  till 
it  shall  be  completed  within  ten  years.    Tbe  first  part  of  400  pages  oontnli 
ing  the  letter  a  is  to  be  ready  in  1883.  the  residue  to  follow  at  regular  intei 
vals  until  the  whole  Is  finished.    The  supervision  of  the  reading  for  tl 
Dictionary  done  in  America,  has  been  confided  to  our  fellow -member.  Pp 
fessor  March,  of  Easton,  Pa.,  who  baa  awakened  and  stimulated  the  t 
lerest  in  this  country,  ao  that  from  Maine  lo  Oregon  dully  contributloiu  a 
quotations  are  pouring  in  to  tbe  learned  editor. 

When  finished,  the  Dictionary  will  be  one  of  the  great  books  Of  lb 
world,  a  stupendous  monument  for  all  time  to  the  industry,  zeal  nod  lotni 
inu;  of  the  Echolars  of  the  nineieenib  century. 

A  letter  Wits  read  from  Mr,  Eli  K.  I'rice  suggesting  tlia 
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photographs  should  be  taken  from  the  portrait  of  Mr. 
Michaux,  for  distribution  among  prominent  botanists  and 
botanical  institutions.  On  motion  an  appropriation  of  $25.00 
was  made  for  the  purpose. 

The  Committee  to  attend  the  Centennial  Celebration  of 
the  American  Academy  of  Arts  and  Sciences  at  Boston, 
reported  and  was  discharged. 

And  the  meeting  was  adjourned. 


Stated  Meeting^  July  16,  1880. 

Present,  4  members. 

Vice-President,  Dr.  LeConte,  in  the  Chair. 

A  photograph  of  Henry  Armitt  Brown,  a  late  member  of 
the  Society,  was  received  for  the  album. 

Letters  of  acknowledgment  were  received  from  the  Statis- 
tical Society  of  London,  dated  June  24,  1880  (103,104); 
and  the  Royal  Danish  Academy,  Copenhagen,  June  7, 1880 
(103, 104). 

Letters  of  envoy  were  received  from  the  Trigonometrical 
Branch  of  the  Survey  of  India,  dated  Dehra  Dun,  May  5, 
1880;  the  Meteorological  Office,  London,  June,  1880 ;  and 
the  Department  of  the  Interior,  Washington,  D.  C,  June 
29, 1880. 

A  letter  was  received  from  Mr.  Murray,  Acting  Secretary 
of  the  American  Philological  Association,  tendering  the 
thanks  of  the  Association  for  the  use  of  the  rooms  of  the 
Philosophical  Society,  and  for  the  courteous  attentions  re- 
ceived by  the  Association. 

A  postal  card  was  received  from  the  American  Chemical 
Society,  stating  that  they  had  not  received  No  104,  of  our 
Proceedings. 

Donations  for  the  Library  were  received  from  the  Acad- 
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eraies  at  Buda  Pest,  Copenhagen,  Berlin,  Rome,  Brusselles, 
and  Philadelphia;  Editor  of  the  Zoologischer  Anzeiger, 
Leipsig ;  Society  Vaudoiee,  Lausanne ;  Cav.  Damiano  Muoni, 
Milan;  Editor  of  the  Revue  Politique,  Paris;  Society  of 
Commercial  Geography,  Bordeaux ;  Editor  of  the  Revista 
Euskara,  Pamplona;  Royal  Astronomical  Society,  Dr.  C. 
William  Siemens,  and  the  Editors  of  the  Chemists'  Journal, 
and  Nature,  London  ;  American  Journal,  and  Yale  College, 
New  Ilaven;  Metropolitan  Museum,  N.  Y. ;  Pennsylvania 
Historical  Society,  Franklin  Institute,  Journal  of  Pharmacy, 
and  Medical  News,  and  Mr.  Lorin  Blodget,  Philadelphia; 
Mr.  P.  W.  Shaefer,  Pottsville;  U.  S.  National  Museum, 
Smithsonian  Institution,  and  Department  of  the  Interior, 
Washington,  D.  C. ;  American  Philological  Association  ;  Dr. 
Robert  Peter,  Frankfort,  Ky. ;  Editor  of  the  Revista  Cien- 
tilica  Mexicana,  and  the  Ministerio  de  Fomento^  Mexico. 

Prof.  E.  D.  Cope  presented  a  paper  "  On  the  genera  of  the 
Creodonta." 

On  account  of  the  small  attendance  the  election  of  mem- 
bers was  postponed  until  the  next  stated  meeting. 

Pending  nominations  Nos.  904,  909  to  915,  917  to  919, 
and  new  nomination  No.  920,  were  read. 

And  the  meeting  was  adjourned. 


On  the  Genera  of  the  Creodonta,    By  E.  D.  Cope. 
{Read  before  the  American  Philosophical  Society,  July  10,  1880.) 

For  the  characters  of  this  group  of  the  unguiculate  mammalia,  tlie  reader 
is  referred  to  tlie  fourth  vohime  of  the  final  Report  of  the  U.  S.  Qeol. 
Survey  W.  of  the  100th  Mer.,  umler  Capt.  Wheeler  Pt.  ii,  p.  72. 

Uistory.  MM.  Laurillard,  Pomel  aud  others  have  referred  the  European 
Creodonta  to  the  Marnupialia,  on  account  of  the  great  similarity  of  the  den- 
tition. MM.  De  Blainville  and  Gervais  have,  on  the  other  hand,  re- 
garded them  as  placental,  a  view  which  I  have  avssigned  reasons*  for  be- 
lieving to  l)e  the  correct  one.  M.  Filhol  has  recently  shown  that  the  re- 
placement of  the  dentition  in  Ilyirnodon,  which  lias  some  affinities  with 

*  Proceedings  Academy,  Phlla.,  1875,     Pnleontologlcal   Hulletln  No.  20,  Dec., 
1.S75. 
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the  Creodonta,  is  quite  as  in  tme  placental  Carnivorn.  Professor  Qaudry 
has  expressed  the  opinion  tbat  the  Creodonta  are  the  descendants  of  the 
Marsupialia,*    I  incline  to  maintain  another  view. 

If  we  suppose  that  the  Creodonta  are  the  descendants  of  the  Marsupialia, 
we  must  suppose  that  the  Insectivora^  to  which  they  are  related,  are  also 
the  descendants  of  the  Marsupialia,  and  this  is  on  various  grounds  not 
very  probable.  The  lower  forms  of  unguiculate  mammalia  with  small 
cerebral  hemispheres  are  very  much  alike  in  important  characters,  and  to 
these  I  have  given  the  name  of  Bunotheria.  I  suspect  that  this  group  is 
as  old  as  the  Mamupialia,  and  may  even  have  given  origin  to  it.  That 
it  developed  cotemporaneously  with  it  in  various  parts  of  the  world  is 
evident. 

Restoration.  The  Wasatch  beds  of  New  Mexico  have  yielded  remains 
of  more  than  a  dozen  species,  which  ranged  from  the  size  of  a  weasel  to  that 
of  a  Jaguar.  The  Bridger  beds  of  Wyoming  probably  contain  as  many 
species,  which  range  from  small  size  to  the  dimensions  of  a  bear. 

In  general  appearance,  the  Creodonta  differed  from  the  Carnioora,  in 
many  of  the  species  at  least,  in  the  small  relative  size  of  the  limbs  as  com- 
pared with  that  of  the  head,  and  in  some  instances  as  compared  with  the 
size  of  the  hind  feet.  The  feet  are  probably  plantigrade,  and  the  posterior 
ones  capable  of  some  degree  of  horizontal  rotation .  The  probable  large  size 
of  the  rectus  femoris  muscle  indicates  unusual  power  of  extension  of  the 
hind  limb.  They  were  furnished  with  a  long  and  large  tail.  Probably 
some  of  the  species  resembled  in  proportions  the  Mystomys  and  Solenodon, 
now  existing  in  Africa  and  the  West  Indies,  but  they  mostly  attained  a 
much  larger  size.     The  habits  of  many  of  them  were  probably  aquatic. 

Classification.  To  the  Creodonta  I  have  referred,!  on  the  information 
which  we  possess,  the  genus  Arctocyon  of  Blainville.  Professor  Gervais 
has  discovered  thrft  it  possessed  the  very  small  cerebral  hemispheres  charac- 
teristic of  the  Creodonta.  The  olfactory  lobes  are  large,  and  project  far 
beyond  the  hemispheres,  while  not  only  the  cerebellum,  but  probably  the 
corpora  quadrigemina,  were  exposed  behind.  The  tarsal  articulation  and 
the  posterior  part  of  the  mandibular  bones  are  unknown,  hence  this  refer- 
ence is  not  certain.  Professor  GervaisJ  regards  it,  after  Laurillard,§  as  a 
marsupial,  and  establishes  an  especial  family  of  the  order  for  its  reception. 
It  is,  however,  more  probable  that  its  affinities  are  with  the  contemporary 
genera  of  flesh-eaters,  Palcsonyctis  Blv.,  and  Pterodon  Blv.,  genera  which 
have  near  allies  among  the  American  forms.  Palceonyctis  was  the 
contemporary  of  the  Coryphodons  in  the  Suessonian  perioil  of  Western 
Europe,  and  presents  a  strong  resemblance  to  Amhlyctonus  in  its  mandible, 
the  only  part  of  the  skeleton  known.  The  posterior  part  of  the  ramus  is 
not  inflected  according  to  Gervais,  and  he  therefore  does  not  refer  it  to  the 
Marsupialia.\    The  nearest  European  representative  of  Oxycena  is  Ptero- 

•  Enchalnements  dii  Monde  Animal,  IS7S,  p.  21. 

t  Report  Capt.  G.  M.  Wheeler,  Expl.  Snrv.  W.  100  Mcr.   1877,  Iv,  pi.  il,  p.  88. 

X  Nouv.  archives  da  museum.  1870,  p.  150. 

{Diet.  unlv.  d'hist.  naturelle,  Ix,  p.  400. 

I  Nouv.  archive  du  museum,  1870, 151. 
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don,  in  which  the  form  of  the  mandible  also  forbids  a  reference  to  the 
Marsupialia,  as  Gervais  has  remarked.  Both  genera  are  doubtless  mem- 
bers of  the  sub-order  of  Creodonta.  The  genus  Hyanodon^  on  the  other 
liand,  is  not  referable  to  the  same  group,  for  I  And  in  a  spechnen  of  the 
H,  requieni  from  Desbruges,  preserved  in  the  Museum  of  the  Jardin  des 
Plantes,  that  the  scaphoid  and  lunar  bones  are  coossifled.  Moreover  the 
figure  given  by  Professor  Gervais*  reprcsentmg  the  brain  of  the  originally - 
described  t^pe,  H.  leptorhynchus  of  the  Miocene  period,  displays  characters 
of  the  true  Garnivora.  The  anterior  part  of  the  cranial  cavity  of  the 
specimen  molded  is  broken  away. 

It  is  possible  that  the  genus  Diacodon  Cope  belongs  here  also  ;  its  spe- 
cies resemble  slightly  the  Marsvpialia  in  tlie  inferior  dentition,  and  are  of 
small  size. 

The  genus  Mesonyx^f  which  I  discovered  in  the  Bridger  beds  of  Wyo- 
ming, has  the  trochlear  face  of  its  astragalus  completely  grooved  above  as 
in  the  true  Carnivora,  and  its  distal  end  presents  two  distinct  facets,  one 
for  the  cuboid,  and  the  other  for  the  navicular  bones  It  represents  on 
this  account  a  peculiar  family,  the  Mesonychida. 

There  are  various  degrees  of  development  of  the  sectorial  structure  of 
the  molars  in  this  suborder.  In  some  of  them,  as  Didymtetia,  only  one  of 
the  inferior  molars  presents  this  structure ;  in  others  two,  and  in  others 
three.  In  one  type,  the  last  superior  molar  is  longitudinal ;  in  others,  it 
is  transverse.     In  Arctoeyon  the  superior  true  molars  are  tubercular. 

I  have  heretofore^  defined  three  families,  tlie  Amblyetonida,  the  Oxya- 
nidcB,  and  the  Arctocyonida.  I  now  add  the  Miacida  and  MesonychidcB. 
The  definitions  are  as  follows  : 

I.  Ankle  joint  plane  transversely. 

True  molars  above  and  below  tubercular;  last  superior  not 

transverse Arctocyonida, 

Superior  true  molars  tubercular;  first  inferior  *Mubercular- 

sectorial  " Miaeida, 

Last  superior  molar  trenchant,   transverse:  inferior  true 

molars  tuuercular-sectorial Oxyanida, 

Last  superior  molar    longitudinal ;    inferior  true    molars 

without  developed  sectorial  blade Amhlycionida, 

II.  Ankle  joint  tongued  and  grooved,  or  trochlear. 

Inferior  molai*s  each  with  one  conic  tubercle  and  a  heel ;  no 
developed  sectorial  blade Mesonychida, 

I  now  give  the  characters  of  the  genera.  All  these  are  derived  from  ex- 
amination of  typical  specimens.  The  opportunity  of  doing  this  I  owe  to 
the  kindness  of  Messrs.  Leidy,  Gervais,  Gaudry,  Filhol  and  Lemoine. 

•  Loo.  cit.,  pi.  vl,  fig.  .5. 

t  Ann.  Kept  U.  S.  Oeol.  Surv.  Terrs.,  1872,  p.  550. 

:  Ucport  Capt.  G.  M.  Wheeler's  Expl.  Surv.  W.  100  Mer  ,  1877,  Iv,  pi.  II.  p.  ». 
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ARCTOCYONIDiB. 

Premolars  } ;  the  first  inferior  one-rooted  ;  the  last  in- 

ferioj"  well  developed Arctocyon  Blv. 

Premolars  below,  4,  the  first  two-rooted,  the  last  true 

molar  much  reduced Hyodectes*  Cope. 

Premolars  below,  3,  first  two-rooted  ;  true  molars  nor- 
mal  Heteroborus\  Cope. 

MlACIDiB. 

Inferior  tubercular  molars  two,  premolars  four Miacis  Cope. 

Inferior  tubercular  molars  one,  premolars  four DidymictU  Coi)e. 

OXYiEMIDiE. 

I.  Inferior  molars  without  internal  tubercles. 
Molars,  }  J ;  three  sectorials  in  the  lower  jaw Pterodon  Blv. 

II.  Inferior  molars  with  internal  cusps. 

Molars,  J  J ;  two  last  inferior  molars  tubercular-sec- 

torial OxyoBna  Cope. 

Premolars  J ;  three  last  inferior  molars  tubercular-sec- 

torial ;  the  fourth  superior  with  a  conic  cusp  and 

heel  externally Stypolophus  Cope. 

Premolars  J;  three  last  inferior  molars  tubercular-sec- 

torial ;  fourth  superior  premolar  with  a  simple  blade 

externally Proviverra  Rutim. 

AMBLYCTONIDiE. 

Pourth  inferior  premolar  with  a  broad  heel  supporting 
tubercles Amblyctonus  Cope. 

Dental  formula  below,  3,  1,  3,  8.  Fourth  inferior  pre- 
molar with  a  cutting  edge  ou  the  heel PaUxonyetis  Blv. 

MESONTCHIIDifi. 

Inferior  molars  seven Mesonyx  Cope. 

Inferior  molars  five Patriofelis  Leidiy, 

Of  the  preceding  genera  it  may  be  remarked,  that  the  structure  of  the 
feet  of  Pterodon  being  unknown,  it  may  be  found  hereafter  to  be  neces- 
sary to  remove  it  from  the  Oxyantdcs,  althbugh  I  do  not  anticipate  that 
euch  a  course  will  be  necessary.  Pakeonyetis  is  only  known  by  the  man- 
dibular dentition,  which  is  very  near  to  that  of  AmblyctonuB.  So  also  it 
is  not  certain,  but  only  probable,  that  Patriofelis  belongs  to  the  Mesony- 

*Type  AretiOcyon  gervaiMi  Lemolne,  Os§.  Foss.  des  Eavir.  de  Heiins,  1878,  p.  8. 
t  Type  An^oeyon  duelii  Lemolne,  I.  c,  p.  9. 


ehidm  at  the  same  hari^on  luitl  locality.    Tho  hnrizonUl  and  geogr^hlc* 
iliatrilxition  of  the  Rpaciesi  of  tliese  tbirteen  genern  is  as  follows : 
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Arctocyon  prinwETos  Biv  . , 
Hycidcctea  gervaiiil  Lcm, , . . 
Hcioroltnnis  duelii  Lfm.  . . . 
Mincis  parvivonis  Cope 

"     edai  Lclily 

■■     vonixLt.% 

Didymii^lii  proieuua  Cnpo. . 

Pterodon  dnayuroideH  Blv. . 

"       bilnciBWus  FIIU. . 

Oxyaaa  morsilaiiii  Cope. . . . 


"       TorcipHta  Cope 

StypolophuB  TiverrinuB  Cope 

"           BecUDd&riiis  Cu|ie  . . . .  i 
"  multlcuopls  Cope 

minor  Filh.. .'.'."!.'.'. 

"  CHylusI  Fill) 

"  pmipenH  Cope 

"  brevicnIcBratUH  Cope  - 

"  upuleatiis  Cdpe 

"  liiaDs  Cojte 

Provivorrii  typica  iimim 

isCopo 


Amblyctiiu 


sp. 


1.  at- . 


rMiGoayctU  gi^rnntea  BIt.. 
MuBonyx  obiiiRJdens  Cope . . 

"        lanlus  Cope 

PatriofelJB  ulta  Leidy. .  ■  ._^ 


Phyiogeny.  It  is  among  the  genem  above  eDumerated  tttat  -we  na  I 
look  for  Uie  ancestora  of  the  eiiBting  Oarwitora,  excepting  perliaps  II 
seals,  and  even  these  were  probably  co temporaries.  In  those  genera 
out  developed  Iniernat  tubercles  of  tlio  molars,  we  niny  look  for  Uie  fia 
ceBtors  of  the  IlyftnoilonUdii,  a  rmnily  which  early  nltalned  BpttcUlimtln 
al  the  eipense  of  strength  of  structure,  and  did  nut  survive  the  lower  MIo 
cene  period.  Bnch  geoora  may  be  found  In  the  Mtnoai/cliida  as  lUe  IaIci 
and  Ibe  An^iycionida  as  the  earlier  types. 

In  dlBtinguiBliing  l)elween  the  ancestors  of  the  Pilirf.s  and  Canida,  K» 
naturally  seek  to  recognize  in  each,  an  anticipation  of  the  lending  Clmnu!t«| 
In  the  dentition  which  dlBtlnguUh  those  families  to-dity.  Tills  conriots,  I 
the  Felidm,  in  the  successive  nbbruvialion  of  the  true  molar  sfirlea  froi 
behind,  BO  tiiat  uliitnately  two  molars  are  lost,  «nd  the  remaining  nrM 
tcrior  one  tiecomcs  traasverBi!.    On  the  other  hand  in  tlio  Oantdm,  Am]| 


t  ReprescntBrl  hjr  a 
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Uie  full  number  of  true  molars  is  retained  in  eotae  genera,  as  Atap/tkge», 
mutl  uuly  utiL-  losi  in  Ounis.  Secondly,  the  tubercaUr  characier  of  the 
pdftterlur  mularB  in  botb  Jawa  in  the  Canidit  h  diitinguiebed  ftvm  tbeir 
coct^rial  chknuiter  in  P^lida.  Bslitimtcd  by  ttii^se  tusl^  tlio  Miofida  are 
dcMkrlj"  ilie  forerunners  of  the  OaiiidiM,  Am\  Che  Oxgitaidie  of  the  T'Stlfdii. 
In  iViaeb  we  have  in  fact  a  oear  Approach  to  the  dentitinn  of  CanU,  in  the 
loWCtr  Jaw  ;  wliile  ia  the  saoie  part  of  Didf/iairlii  posterior  abbreviation 
lia«  commenced,  reminding  one  of  Ti'tierrii.  In  the  Organida,  one  degree 
of  poelerlor  abbrevuition  is  seen  in  Stspolophui,  where  tbe  last  superior 
molAr  is  narrowed  and  turned  at  right  angles  to  tlie  otbera.  In  Oxj/itna, 
tbe  pmccHs  hod  advanced  a  step,  for  there  lire  but  two  su])erior  true  molars, 
«nd  tbe  lost  of  tb«s«  is  driven  in.  trnnaversely.  The  first  true  molar  istViac- 
tioontly  sectorial  in  this  genus,  while  tbelast  premolar  is  tbe  true  sectorial  of 
the  superior  aeries  in  eiislint;  Oaraitora.  In  the  inferior  serieg  there  are 
only  two  true  mnlars  in  OiyiMaa.  Irath  primiUre.  or  '' tuburcular-seciorlal" 
in  character.  In  existing  Pilida  tbe  second  is  lost,  while  the  first  undereoea 
Kr'CAt  clmngos  in  becoming  a  speRiallied  sectorial.  The  forms  of  tbe  ^^Ii'dn, 
which  are  nearest,  are  tbe  Orj/ptfiprveta,  and  tlie  Promliirw  of  Filbol,  but 
they  unly  follow  ftfler  a  wide  interval.  I  bnvo  elsewhere  discussed  the 
•wacessive  steps  in  the  evolution  of  tbe  sectorial  itself.*  I  havo  also 
pointod  ouif  the  auccessivo  shortening  of  the  anterior  part  of  the  dental 
Mriea  in  the  Pilida  and  other  groups  of  existing  0<irititoTa,  which  came 
l«er  iB  lime. 
Tbe  tbilowing  table  will  give  an  idea  of  these  affinities,  and  the  piiylog- 
f  to  lie  derived  frtim  tbem  ; 


Felidw. 


CanidiK. 


\ 

\ 
8tfpalop7tui. 

\ 
Oiysnlde. 


/ 


/ 


Amblyctonids. 

"IfnoBjmy.      Prof.   Gaudry    has    united    Htypolophut   (CynehyiMnodim 

Tilbol)  ,ui,  Prvvhirra.    AfUr  an  examination  of  casts  of  Rutimeyer'a 

tfPw  preaorved  in  llie  Museum  of  the  Jardin  des  Planles.  I  rutaiu  tbem  as 

dWiQct  fof  [|,„  rensons  given  above.     Mr.  Boae  in  an  ii.lereBling  paper  on 

h  *^^  subjocl  published  in  Iliu  London  Geological  Mngazinf-  for  Hay  and 

■^_  thi 


[noc.  uivit.  ■• 
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June;  1880,  Doites  DidgmietU  wiib  Paiaongeti*.*  BftTing  ex&mine^  tbc 
types  of  both  genera,  ray  conclosinn  oa  expressed  in  tlii;  pre(«diiig  P"'^*' 
Is  very  different  Ou  the  otlier  liand.  I  bave  good  r^Mon  fnr  belicvingtb^ 
species  to  which  tbe  naiae  Bynop'olherivnt  was  giren,  S.  JanitH,  Is  reallyi 
■  BMOnd  species  nf  Mfofiyx,  at  larger  uze  TIiad  Ibe  M.  obtatidtn*.  ■ 
otherwise  different  It  is  likely  Ihu  some  of  the  spedes  of  the  Bridgl 
foraiation,  to  which  Harsh  has  applied  generic  names,  belong  to  the 
odonta,  and  may  belong  to  some  of  the  genera  described  by  iiiywlf. 
fitct  that  DO  generic  de&Dition  accompanied  the  publicntion  arthnae  niunetfafl 
renders  tbeir  om  impracticable. 


Slaiat  Meeting^  August  20,  1880. 

Present,  4  members. 

rresident,  Mr.  Fehderick  FRAiET,  in  the  Cb« 

Mr.  Joseph  C  Fralej,  a  newly  elected  member,  waa  intn 
duceil,  and  took  his  Beat. 

Letters  of  acknowledgment  were  received  from  the  Rojal 
Society,  June  S  (100,  101,  102,  103);  the  Royal  Society^ 
Xew  South  Wales,  June  14  (101, 102. 103):  Royal  Inatita- 
tton,  July  12  (105);  the  Victoria  Institnte,  July  10(105); 
the  Statistical  Society,  London,  Jnly  20  (105);  Society  i 
Antiquaries,  July  21  (105);  University  Library,  Cambridge^ 
July  19(105);  the  Museum,  Newcastle-upon-Tyne,  July  181 
(105);  New  Hampshire  Historical  Society,  August  12(106 
and  List);  New  Jersey  Historical  Society,  August  11  (IM 
and  List) ;  Essex  Institute,  August  12  (106  and  List) ;  Bo* 
too  Public  Library,  August  14  (106  and  List);  U.  8.  Mill 
tftry  Academy,  August  13  (106  and  Liat) ;  Dr.  C. 
F.  Peters,  Litchfiold,  A.  of  Hamilton  College,  Clinton, 
Oneida  county.  New  York,  August  17  (106  and  List); 
American  Ethnological  Society,  New  York,  August  12  (106 
and  List) ;  Connecticut  Historical  Society,  Hartford,  August 
18  (lot)  and  List);  American  Antiquarian  Society,  Woi 
ter,  August  18  (106  and  ListV,  and  from  Dr.  R  Jarvis, 
Pmf.  W,  P.  Blnko,  Dr.  T.  M.  Drown,  and  Mr.  W. 
Taylor  (106  and  List). 

•I  hAva  Jiiat  »cn  ihlt  iwlwr,  hnvinc  kiraad;  wrillen    wbut  prccnJes  thll 

pxnutnipli 
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Letters  of  envoy  were  received  from  the  Adelaide  Obser- 
vatory, June  3, 1880,  and  the  Government  of  Victoria,  Aus- 
tralia, Agent  General  for  Victoria,  June  8  ;  Victoria  Cham- 
bers (Westminster,  S.  W.),  April  28,  1880. 

A  letter  was  received  through  Mr.  Phillips  from  Mr.  B. 
B.  Diuey,  dated  8822  Market  street,  Philadelphia,  July  16, 
accompanying  a  piece  of  the  cog-wheel  of  the  old  Independ- 
ence Hall  Clock. 

Donations  for  the  Library  were  received  from  the  Prus- 
sian Academy ;  Zoologische  Anzeiger ;  Geographical  So- 
ciety of  Paris  ;  Annales  des  Mines  ;  Revue  Politique ;  Com- 
mercial Geological  Society  of  Bordeaux ;  Belgian  Academy  ; 
Nature ;  Franklin  Society,  Providence,  R.  I. ;  Cambridge 
Observatory  ;  American  Chemical  Society,  New  York  Acad- 
emy of  Sciences ;  American  Academy  of  Sciences,  Boston ; 
Franklin  Institute ;  Journal  of  Pharmacy  ;  Medical  News ; 
American  Journal  of  Science  ;  U.  S.  Coast  Survey ;  U.  S.  Geo- 
graphical Surveys  ;  Missouri  Historical  Society;  American 
Antiquarian,  Chicago ;  Bol.  Min.de  Fomento,  Revista  Scien- 
tifica,  Mexico ;  Revista  Euskara,  Pamplona :  Camoens  Cele- 
bmtion,  Lisbon  ;  Asiatic  Society  of  Japan ;  Government  of 
Victoria  and  New  Holland  Institute. 

The  death  of  Dr.  Paul  Broca,  at  Paris,  July  10,  1880, 
was  announced. 

The  death  of  M.  VioUet  le  Due,  not  previously  noted,  was 
also  reported. 

Communications  were  received  from  Prof.  John  J.  Steven- 
son.    1.  "Notes  respecting  are-eroded  channel-way;"  and 
2.  "Notes  on  some  features  of  the  geology  of  Wise,  Lee 
and  Scott  counties  in  Virginia ;"  each  illustrated  by  thre^ 
cuts. 

Mr.  Fraley  reported  the  receipt  of  the  last  quarterly  in- 
terest on  the  Michaux  legacy,  $132.12,  due  July  1, 1880. 

The  Publication  Committee  reported  that  they  had  seen 
and  approved  the  drawings  of  fourteen  plates  for  Prof.  S.  S. 
Haldeman's  memoir  on  the  Chickis  cave  relics. 

And  the  meeting  was  adjourned. 


Not**  raiptttinij  a  Rt-rroded  Channtl-way.  By  John  J.  StvMitMn,  Pro- 
Jtuor  of  Qtolagy  in  the  UnirtrtUy  of  tht  City  of  Ntv  York.  (  With 
thrte  wood  euU.) 


iBtad  btfare  the  Am 
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The  north  hninch  of  the  Cauodian  river  is  rormed  neur  west  igagfitade 
104°  80'  at  aboul  35  miles  suulli  rrom  the  nnrtbero  boundary  or  New 
Mexico  liv  twoBmall  siresms,  whi(?h  rise  in  the  Katoii  hills  and  drain  mucli 
of  Uie  TriDldail  Coal  Field,  Within  25  miles,  the  river  enters  n  Cduun. 
wbicii  dMpens  rapidly  until,  at  50  miles  from  ItB  head,  its  nearly  rertioU 
ivallsiire  ttlmosl  1100  feet  high,  while  tlte  width  oftlie  gorge  ai  the  boUom 
Tories  from  150  to  800  feet.  ThuB  far  no  imporlant  tributary  eaters 
river  in  the  canon,  but  the  pelly  aide-cafions  show  Ihnt  at  some  timi 
other  much  water  mna(  have  Sowed  in  from  tho  Canadian  pltuoa, 
probably  50  miles  from  the  hisd  of  tlie  cation  the  Canadian  river  is  In- 
creased by  the  Mora  rivur,  which  rises  on  the  cast  slope  of  the  Las  Vegw 
range  and  flows  eastward  to  the  Canadian.  Its  caQon  becomes  dose  at  A 
little  way  south  from  Fori  Union,  and  tlicoce  to  the  Caaodian  the  river 
flows  at  tho  bottom  of  a  gorge  wiih  lx>1d  vertical  walls,  becoming  tilKher 
as  the  stream  descends,  until  at  tlie  mouth  of  the  caflon  they  rise  to  lOM 
feel  above  the  ■' bottom,"  where  some  half  aavage  Mciicans  gain  a  scanty 
livelihood  by  cultivating  tittle  patches  of  com  and  melons. 

Both  cailooB  have  tlie  hard  Upper  Daliola  sandatone  as  their  rim,  and 
that  rock  is  the  surface  rock  of  the  plains  between  the  ca&ons,  wliere  a  fbw 
miles  of  the  Middle  Ci'etoceous  beds  remain,  protected  by  a  [>late  of  basalt 
which  covers  the  Low  Mesas  or  Table  hills. 

An  extinct  volcano,  at  T  miles  i»st  from  Fort  Union,  forms  the  soulhoni 
extremity  of  the  Turkey  mountains — the  Oallinas  hills  of  Dr.  Newberry** 
San  Juan  report — a  curious  gua-qua'versal.  which  deserves  much  closer 
■tudy  than  could  he  given  to  it  by  eillier  Dr.  Newberry  or  myself.  TllO 
volcano  has  been  visited  by  Dr.  Newberry,  Dr.  LeConte,  Dr.  Uayden 
the  writer.  The  crater  still  retains  its  form  and  the  ritn  is  broken  only  00 
ttie  soutliern  side,  an  imperfection  due,  perhaps,  insomemeororeloenw' 
bat  in  greater  part  to  the  pressure  of  tho  lava.  The  eruption  to  wlitdi 
Ibis  mountain  owes  its  origin  occurred  in  the  later  Tertiary,  and  Ills  bVft 
0ta  basaltic 

The  basalt  extends  northward  but  a  very  little  disliince  and  tho  Bow  K 
toward  the  south  through  the  breach  in  the  crater.  The  lava  was  followod 
from  the  breach  directly  to  the  Mora  caSon,  the  passage  bttginning  along  H 
arruyo  or  dry  water  course,  where  the  basalt  rests  on  Upper  DaliDtii  sand 
stone,  though  occasionally  a  little  debris  intervenes.  At  one  localicy,  aoan 
tufaceous  limestone,  characteristic  of  the  Bauta  Vd  Marls,  belonging  tu  Ilie 
Loup  River  epoch,  ia  included  in  the  di^bris. 

Entering  the  Mora  canon,  the  basalt  followed  the  gorge  to  Its  mouth,  Mid 
was  in  such  volume  as  tu  Bow  up  the  Canadian  ciiiioa  tiindiiitanccof  Di 
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ly  three  miles.  How  far  it  went  below  the  month  of  the  Mora  canon  was  not 
ascertained.  The  continuity  of  the  flow  is  distinct  througliout  and  the 
general  features  of  the  rock  in  the  Canadian  cafion  are  the  same  with  those 
observed  in  the  crater  itself. 

A  solid  crust  forms  quickly  on  the  surface  of  cooling  basalt.  It  is  prob- 
able, therefore,  that  the  Mora  river  was  not  long  displaced ;  but  that  it,  as 
well  as  the  Canadian,  soon  regained  its  channel  and  began  once  more  the 
work  of  corrasion.  The  features  shown  in  the  canons  are  of  no  small  in- 
terest, for  the  extent  of  erosion  prior  to  the  basalt  flow  is  as  clearly  exhib- 
ited as  is  the  extent  of  the  erosion  since  that  event.  The  features  are  best 
studied  in  the  Mora  cafion,  at  the  mouth  of  which  the  following  measure- 
ments were  obtained  : 

1.  From  river  surface  to  bottom  of  basalt 280' 

2.  "     same  to  top  of  basalt 620' 

8.      "  *'      brink  of  the  chasm 890' 

4.       '•  "      topofwall 1090' 

The  chasm  is  therefore  230  feet  deeper  than  when  the  basalt  flood  took 
possession  ef  it. 

As  the  present  canons  do  not  wholly  coincide  with  the  ancient  gorges,  the 
numerous  curves  exhibit  the  base  of  the  basalt  sheet  very  satisfactorily.  The 
old  valley  of  the  Mora  was  benched  or  slightly  terraced,  so  that  the  lava  rests 
against  a  wall  of  sandstone,  and  overflows  the  bench  of  which  that  is  the 
escarpment,  as  is  shown  in  fig.  1  : 

Fig.l. 
A. 


Fio.  1.— Showing  form  of  the  ancient  cafion.    cu— Dakota  sandstone.    &.— Basalt. 

A  breccia  frequently  appears  in  the  bottom  of  the  sheet,  as  though  the 
molten  rock  had  caught  up  debris  in  its  flow. 

The  basalt  terrace  at  the  junction  of  the  canons  indicates  that  the  ancient 
cafion  of  the  Canadian  was  much  wider  than  that  in  which  the  river  now 
flows. 

The  south-west  wall  of  the  old  cafion  lies  at  nearly  a  mile  further  from 
the  river  than  does  the  present  wall,  which  is  capped  by  the  sheet  of  basalt. 
It  is  very  evident  that  before  the  basalt  outpouring  occurred  the  canons  had 
been  digged  down  at  their  junction  to  860  feet  below  the  present  level  of  the 
plain,  and  that  the  depth  was  reduced  to  470  feet  by  the  influx.  But  since 
the  streams  regained  their  channel -ways,  material  to  the  depth  of  620  feet 
has  been  removed  by  corrasion ;  so  that  the  vertical  cutting  since  the  flow 
ceased  is  very  nearly  equal  to  that  done  before  the  flow  began.  This  cut- 
ting is  wholly  the  result  of  corrasion,  the  wear  of  the  streams  upon  their 
beds. 
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Tbe  enurmous  erusSun  on  the  pliiipaant 

antedated  tbe  Turkey  Moimtnln  eriiplioi 
sandslune  belwetsu  tho  cmlerund  tliuHor 
Utnry  cnfioDa.  where  it  still  reinniDS :  Ibi 


in  ibe  tributary  cations  must  hnva  - 
.  The  Immlt  rests  on  Dm  DnkoU 
icslluD  ;  tilinsfluweilmlo  the  trlb- 
:  nimost  wholly  cnnlinu- 


»  Ihe  plain  :  the  BUiTace  of  the  slieet  is  scarL-ely  suirrul  in  Uie  side 
cofioDE ;  while  on  tlie  terrnces  or  Hie  Mora  caBon  and  on  Ihc  hruad  terrnco 
between  UiHt and  tlie  Canadian  niiion,  tliesurraceiBaeregnlaras  tbougb  lIlS 
flow  bud  occurred  ie«  timn  100  year*  ago.  Buch  facts  make  It  sultlelcnttf 
clenr  that  since  Ihe  Turkey  Mountain  eruption,  the  Tainrail  bag  bwn  com- 
paratively insigniScnnt.  But  this  seaann  of  ilrynesB  must  have  been  |iro- 
ceded  by  one  or  much  greater  rainTall,  unless,  indeed,  we  conceive  IhM  tlia 
erosion  bad  been  continuing  for  an  Indullnitt^  period.  But  »  moment's 
conaideration  will  sliow  that  bucIi  s  tyinllnuance  is  iiupouible  ;  roninai 
the  Colorado  shales  remain  on  the  plains  as  means  nearly  1000  feet  high, 
which  have  been  protected  ft-om  erosion  by  a  thick  piate  of  baaalt.  This 
plale,  which  covers  t\\i:  Canailian  hills  east  fi'uin  Ibu  Turkey  mountains  oi 
IB  an  ouliler  of  a  vast  Iwsaliic  area,  marks  the  occurrence  of  a  pivvloui 
ODtpouring,  not  earlier  tlian  the  beginning  ot  tbe  Plluoene.  Tbe  e 
moua  erosion,  then,  must  bave  been  performed  during  ilie  interval  balwr«D 
tbe  eruptions,  whicii.  in  a  geological  sense,  could  not  bave  beoQ  very^  toog,. 
There  seems,  therefore,  no  room  for  doubting  lliat  a  great  climatAl  dlBBga 
passed  over  this  region  ;  ibai  during  tbe  Intemtl  twtween  tlie  oruptione  lira 
rainfall  was  great,  sufficing  for  the  removal  of  Ibe  Ihlck  Colorado  group  wid 
Ibe  digging  out  of  the  many  imposing  arroyos  or  sidc-cafloiis,  but  t 
since  tbe  later  Pliocene  tbe  region  has  been  arid,  the  cornsion  of  the  cmfi< 
having  been  done  by  water  drained  from  Tbe  mountains. 

But  tbe  new  canons  do  not  coincide  with  the  old  oties.  A  small  bit  of  bualt 
ca|»ablll  in  the  Canadian  canon,  at  somewhat  more  than  2milns  abnveib* 
mouth  of  Mom  river  ;  wiiliina  sborl  d  lata  nee  lower,  the  caiiun  bends  v 
ward,  and  the  tliick  I>e4l  of  basalt  Is  well  exposed,  covering  n  terrace  oa 
the  Bouib  wall ;  soon  tbe  gorge  curves  southward  and  becomes  very  narrow 
as  it  passes  through  tbe  Imsalt,  which  caps  lioth  walls,  lis  base  being  noftrly 
300  feet  above  the  stream.  But  within  one-fourth  of  a  mile,  a  sligb;  b 
eastward  carries  tlie  caSon  beyond  the  basalt,  which  now  Ilea  only  on  the 
western  wall  and  covers  a  bunch,  siretcbing  thence  to  tbo  cnfioo  of  Hon 
river,  A  fragment  of  basalt  remains  in  tbe  former  canon  on  an  IsoUlod 
liitl  almost  immediately  below  tbe  mouth  of  Mora. 

Tbe  present  csSon  of  Mora  river  lias  the  basalt  oltogeibi^r  on  its  norUi- 
easterly  side  for  a  distance  of  nearly  a  mile  and  a  half,  and  a  fragment  oT 
the  old  westerly  wall  still  remains  as  an  irregular  conical  htU,  rising  abora 
the  basalt  terrace.  At  a  little  way  above  ibis,  tbe  baaalt  has  lH?«n  wlioUy 
eroded  from  both  aides  of  tbe  canon,  excepting  only  an  insigniflcMil  a 
badly  broken  patch  on  the  south  side ;  hut  Immediately  above  thi*,  I 
gorge  becomes  clow,  and  tlii>  liasall  is  shown  on  both  sides. 

It  is  evident,  then,  iliat  tho  caiiona  bave  been  re-eroded  partly  ftlong  On 
original  line  or  ihroiigb  the  liuaalt.  and  panly  aloiii^idi^  of  Ihe  andunt 
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chasms,  the  basalt  appearing  sometimes  on  one  side»  sometimes  on  the 
other,  and  occasionally  on  both  sides.  One  may  easily  determine  whether 
or  not  the  caiion  is  wholly  beyond  the  limits  of  the  ancient  gorge,  since  if 
it  be,  the  wall  is  sheer  to  the  top  ;  whereas,  if  the  course  be  along  the  old 
channel- way,  and  the  absence  of  the  basalt  be  due  to  erosion,  the  bench 
previously  covered  by  the  lava  is  still  distinct.  The  cross  sections  exhibit 
the  features  very  satisfactorily ;  thus  in  passing  from  one  canon  to  the 
other  at  a  little  way  above  the  junction,  one  would  find  the  condition 
shown  in  Fig.  2. 


Fio.  2.— Section  across  cafions  of  Canadian  and  Mora  rivers  near  their  Junction. 

The  basalt  covers  the  level  bench  between  the  two  cafions,  while  the 
higher  wall  of  each  is  composed  from  top  to  bottom  of  the  Dakota  rocks. 
But  at  a  mile  and  a  half  further  up  the  streams  the  structure  is  as  shown 
in  Fig.  3  where  the  basalt  appears  on  both  sides  of  each  ca£ion.    Here  both 


Fig.  3.— Section  across  cafions  of  Canadian  and  Mora  rivers,  two  miles  above 

their  Junction. 

streams  have  cut  their  way  through  the  basalt,  whereas  in  the  other,  br)th 
cafions  are  outside  of  the  sheet. 

This  new  channel- way  has  been  digged  out  of  rocks  of  unequal  hardness, 
and  the  corrosion  seems  to  have  gone  on  with  equal  rapidity  everywhere. 
The  gorge  is  as  deep  where  the  basalt  plate  appears  in  both  walls  as  it  is 
where  the  basalt  is  on  one  side  or  wholly  away  from  the  cafion.  The  only 
observable  diflference  is  that,  where  cut  through  the  basalt,  the  cafion  is 
▼ery  narrow,  and  the  cutting  has  been  confined  to  the  immediate  channel- 
way;  whereas,  the  gorge  is  wide  and  shows  a  "bottom"  where  it  has 
been  worn  in  the  sedimentary  rocks  only.  The  Canadian  and  the  Mora 
are  exceedingly  ropid  and  very  imperfectly  loaded.  Their  corrasive  power 
is  far  greater,  therefore,  than  might  be  supposed,  if  their  volume  alone 
were  considered. 
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During  IUh  winter  of  1880,  General  J.  D,  Imboden  discoTifred  vKltmblv 
coal  beds  ncnr  tbe  Big  Slone  gnp  in  Wiae  county,  Virgtoio,  at  nhoiil  sixty 
milei'  trom  ilie  TisaneBsue  line.  Tlio  proport;  sudd  fxiBHuil  iiiU)  ihe  liaails 
of  Northern  cApitaliets,  for  w1i»iu  I  have  invesligntiMl  iis  Dc»nouiic  value. 
The  bets  obialaed  mtty  be  of  iatereBt,  ns  the  only  atuiiiable  lofonnailoa 
Tiwiiecttng  BoutiiwMt  Virginia  is  contaiiietl  in  the  brief  memoirs  by  Pmf. 
■I.  P.  LeBley*  and  in  Prof.  SaSbrd's  Geology  of  Tcnnesaoe.  I  »m  aader 
very  especliil  obligation  to  General  Imboden.  who,  pcevlous  to  my  nrrivm), 
bod  studied  the  general  geology  with  uiucli  care. 

Tlie  area  to  be  descritwd  in  this  paper  includes  tlioHe  portions  of  Wiee, 
Lee  and  Beoll  counlies  which  are  draineil  by  the  forks  of  Powell  fiver  and 
by  the  North  Fork  of  Clinch  river.  Its  north-westetn  boundary  is  BIkcIc 
mountain,  a  ridge  of  Ibe  Cumberlanda,  which  here  forms  the  line  between 
Virginia  and  Kenluclty.  At  some  distance  from  the  Tennessee  line.  Stoiio 
mouDlaiu  separatea  itaeif  from  that  mountain  and  follows  n  X.  116'  £. 
trend  for  about  Hfty  miles  lo  the  Little  Stone  gap.  whute  it  unites  with 
Powell  mountain,  which  comes  from  the  west  of  south -west,  No  oxkmiaB- 
tioD  was  made  beyond  tiiai  gap,  but,  Hecording  to  tliu  map  acc-onipiuiyiiig 
Prof.  Lesley's  memoir  of  IB73,  Ihe  two  mounlni;ia  Bc|»rote  again  and  ara 
distinct  for  aerorai  miles  further  toward  the  east.  WHllea's  ridge  begins 
midway  In  the  valley  between  Stone  and  Puwull  mountain  at  three  or  four 
miles  south  of  west  from  Little  Stone  gap,  and  continues  rudely  lur&llal 
with  Stone  mountain  to  sumewhat  more  Ihiui  a  mile  beyond  the  Big  Slunc 
gap.  There  it  is  divided  by  a  narrow  valley  into  Wallen's  ridge  and  Poor 
Valley  ridge,  wlilcb  coolinue  beyond  the  State  line  Into  Tennessee. 

Two  forlts  of  Powell  river,  known  as  Pigeon  and  Roaring,  rise  on  tltfl 
southern  slope  of  Blacit  mountnin  and  unite  at  the  heud  of  llie  Big  StuiM 
gap.  The  South  Fork  rises  in  tlie  valley  between  Powell  mountain  sind 
Wallen's  ridge,  flows  tlirougb  the  eaaiern  extremity  of  the  latter  ftnd 
unites  with  the  river  at  barely  n  mile  below  the  Big  Stone  gn{).  Tb« 
North  Fork  of  Clinch  river  rises  in  the  valley  between  Wnllen's  ridge  muI 
Powell  mountain  and  lireaka  through  the  latter  mounUin  at  the  Nortb 
Fork  gap.  which  a  about  twenty-live  miles  Boulii-west  from  the  UtU« 
SUine  gap.     Thence  It  flows  eastwardly  to  Clinch  river. 

Two  lines  ofaeetbn  were  followed;  one  beginning  on  the  crest  of  8tini« 
mounlaln.  at  say  a  mile  we«t  from  the  Little  Stone  gnp  and  cmaslng  tho 
valley  to  the  irest  of  Powell  mountain;  the  other  beginning  at  Blaok 
mouutain  and  continuing  southward  through  Ihe  Rig  Sttme  gap.  *crow 
bnih  Poor  Valley  and  Wullen's  ridges  to  the  soulh-easiern  side  of  Pow«n 
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mountain.  Unfortunately,  there  was  no  opiwrtunity  to  make  accurate 
measurements  of  horizontal  distances  and  the  scale  of  the  cross-sections  is 
probably  somewhat  distorted.  In  neither  case  was  Powell  mountain 
crossed  along  the  line  of  section  and  the  details  respecting  its  southern  side 
are  taken  from  features  observed  in  the  North  Fork  gap. 

The  western  section  is  shown  in  Fig.  1. 


Fia.  1. — CrosR-sectlon  from  crest  of  Black  Mountain  to  south-eastern  side  of 
Powell  Mountain,  a.  Black  Mountain;  b.  Stone  Mountain;  c.  Poor  Valley 
Ridge;  c(,  Wallen's  Ridge;  e,  Powell  Mountain;  r,  Stone  Mountain  fault;/*', 
fault  of  Poor  Valley  Ridge.  1,  Coal  Measures;  2,  Conglomerate;  3,  Lower  Car- 
boniferous; 4,  Devonian;  5,  Upper  Silurian ;  6,  Lower  Silurian. 

Beginning  at  Black  mountain,  one  finds  himself  amid  the  Coal  Measures ; 
going  southward,  he  sees  a  slow  but  steady  increase  in  dip  until,  as  he  ap- 
proaches the  Big  Stone  gap,  it  becomes  nearly  two  degrees.  But  there  the 
increase  is  very  rapid,  so  that  at  the  head  of  the  gap  the  Serai  conglomer- 
ate is  dipping  nortlinorth-west  at  80  degrees.  The  Lower  Carboniferous 
liraestoue  forms  a  bold  cliff  on  both  sides  near  the  mouth  of  the  gap  and 
dips  in  the  same  direction  at  70  degrees.  Here  a  fault  occurs,  and  one 
comes  at  once  to  black  $hales  of  unknown  thickness,  dipping  in  like  direc- 
tion at  barely  20  degrees.  Below  these  are  the  Lower  Helderberg  rocks, 
well  exposed  and  of  considerable  thickness.  On  the  south  side  of  the  Poor 
▼alley,  and  the  northern  slope  of  P(X)r  Valley  ridge,  are  the  Clinton  rocks 
with  the  fossiliferous  ores,  which  continue  to  the  head  of  Cedar  gap, 
through  which  one  comes  to  Turkey  cove,  separating  Poor  Valley  ridge 
from  Wallen's  ridge.  At  the  head  of  this  gap,  one  crosses  another  fault 
and  soon  comes  tx)  the  Trenton  limestone,  which  is  pressed  into  many  short, 
close  curves,  but  finally  takes  an  almost  due  east  dip  on  the  northerly  face 
of  Wa]1en*s  ridge.  The  Medina  sandstone  is  shown  on  the  crest  of  that 
ridge,  while  the  Clinton  and  Lower  Helderderg  rocks  are  well  exposed  in 
the  valley  between  Wallen's  ridge  and  Powell  mountain.  The  black 
shales  appear  in  the  side  of  the  latter  ridge,  with  the  Lower  Carboniferous 
limestone  higher  up  and  the  Conglomerate  at  the  crest.  On  the  opposite 
side  of  the  mountain  Hunter's  valley  is  reached  and  there  one  finds  the 
Cita\  Measures. 

The  other  section,  extending  from  the  crest  of  Stone  mountain  to  that 
of  Powell  mountain,  is  not  more  than  seven  miles  distant  from  the  other 
section,  but  it  shows  a  great  difference  in  the  structure. 
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Here,  begianlng  at  Bioae  mounUin,  one  flnds  b9  liernre  the  CmI  Ueu-  | 

ures,  ConglDinerate  iind  Lower  CitrlHinlferous  Ginning  lliivi  miMiDMlo 
tlio  valley,  tlie  black  shales  urc  slioirii  ai  the  bnse  of  eacli  ridge,  wbtiti  tba  1 
Lower  HeidertHTg  nicks  occupy  the  center  of  ilie  valley,  where  tlioy  ds-  I 
scribe  an  anticlinal,  exceedingly  sharp  pear  the  axis,  but  allowing  muck  1 
gentlerdipB  on  each  side  as  Stone  and  Powell  mouniaiuB  arc  approacliod. 


tnfn. 

Il  [9  altogether  probable  from  the  best  information  alioinable  that  a  faiil^  . 
rudely  parallel  to  Stone  niounlain,  ejislsln  Kontacky  nt  hut  a  little  way. 
from  the  State  line. 

The  general  fltrueturc  of  the  region  l>etireen  Black  mountain  and  lb*i 
Clinch  river  will  Iw  diacuased  in  another  part  of  this  pajier. 

The  Coal  area  between  Black  mountjiln  and  Stone  mountain  is  extenaivvt,' 
hut  that  within  Hunter's  valley  Is  insignificant. 


Tbr  Co* 


1  Roaring  Forks  or 


The  Coal  area,  which  begins  immediately  hob  in  d  Stiina  mountato  a 
extends  Iheoce  to  beyond  the  crest  of  Black  mountain,  la  eridontl;  Uif 
same  with  the  Kentucky  series,  so  well  exposed  in  Unrlan  and  LoUiliOf 
counties  of  that  Slate.     The  upperpart  of  the  Serai  (Piitlsvillo)Oongloiaer-' 
ate  forms  the  northern  face  of  Stone  mountain  and  the  Coal  Mcaiitrea  CO 
In  at  ilie  foot  of  the  ridge,  where  the  dip  is  very  nearly  vertical. 

A  series  of  barometrical  observations  shows  that  tlie  aeries  risca  eaatwi 
from  the  mouth  of  Callahan  creek,  about  a  mile  above  the  head  of  I 
Slone  gap.  This  rise  of  the  whole  region  is  rapid  and  is  snfflclent,  If  o 
tinuous,  lo  carry  most  of  the  beds  Into  the  air  within  a  few  milos ;  BO  tl 
only  the  lowest  beds  could  be  found  at  but  a  little  way  beyond  tliB  IM 
Slone  gap. 

For  the  moat  part,  this  region  is  still  a  wilderness,  and  exposurea  ruelj 
occur  except  in  the  stream  beds,  which,  owing  tn  rapid  fall,  are  usnkll] 
clear.  Several  of  the  tributaries  lu  Roaring  fork  were  followed  almoat  tl 
their  henda  in  the  soiitlicast  side  of  Black  mountain  :  and  ihia  gonenl  a«a 
tiua  waa  compiled  tVom  the  measurements  mwle  on  tlicm. 
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1.  Not  examined  in  detail 500' 

3.  Coal  bed 0'  4" 

3.  Sandstone 30' 

4.  Coal  bed 1 '  5" 

5.  Sandstone  and  shale 115' 

6.  Coal  bed 0' 6" 

7.  Sandstone 70' 

8.  Coalbed 2' 

9.  Fireclay  with  stigmaria 2' 

10.  Sandstone 12' 

11.  Coal  bed 1' 

12.  Sandstone 70' 

13.  Shale 20' 

14.  Coal  bed 0'  4" 

15.  Sandstone 26' 

16.  Shale 4' 

17.  Coal  bed 0'  10" 

18.  Ill  exposed,  mostly  sandstone 65' 

19.  Coalbed 7' 3" 

20.  Sandstone 35' 

21.  Coalbed. 3' 6" 

22.  Sandstone 60' 

23.  Coalbed 3' 6" 

24.  Ill  exposed,  mostly  sandstone 120' 

25.  Coal  bed Blossom. 

26.  Sandstone 70' 

27.  Coalbed 1' 

28.  Shale  and  sandstone 22' 

29.  Coal  bed extreme  thickness  15' 

80.  Sandstone 45' 

81.  Shale from  0^  to    5' 

82.  Coal  bed extreme  thickness    8' 

83.  Shale 6' 

84.  Sandstone 35' 

86.  Carbonaceous  shale 0'  4" 

86.  Sandstone 70' 

87.  Ill  exposed,  mostly  sandstone 65' 

88.  Sandstone 30' 

89.  Coalbed 2' 

40.  Shale 10' 

41.  Sandstone 40' 

42.  Coalbed 2' 

43.  Shale  and  sandstone 100'? 

44.  Coal  ^<2  and  shale 5' 

45.  Interval  to  conglomerate estimated  at  80' 


Total 1751 
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Expoaurca  become  pnor  nenr  the  top  or  Black  laountitiii  Along  ntl  of  ti 
streams  which  nere  r»lluwe(l,  nni   tlic  upper  pnr[  of  the  wclion  WHa  n 
niiide  out.    Sandslonea  ami  slinleHseem  Ut  beconiinumisli>r3(K)  feet  uboTi 
the  higheet  eoal  btd  Rcen  In  plUL-o  :  but  there  is  certainly  one  eoal  bttl  witbta 
the  i)ndet«rmJnL-il  Interval  beyond,  as  Itagments  or  fannel  were  Toundj 
iibuniluiUy  at  fully  200  feet  up  in  timt  Bpsce.    Nn  limestone  occurs  iiL 
IwdB.  but  some  nodular  limestone  wns  discovered  within  six  feel  above  Nnfl 
17;  and  fi'agmeniaofan  exceedingly  impure  limestone,  with  a  cone.ia-con«| 
structure  in  lis  more  argillaceous  portions,  were  fouod  above  No.  B, 

Caluhun  creek  Is  the  mnin  tributary  of  Roaring  fork ;  its  Lirger  bnriclica  ' 
are  known  as  Ki^lly's,  Church  House  and  Preacher  runs.    Looiiey  cttnsk 
is  an  important    stream    entering   Rnaring  fork   near  ila  Junctitin   with 
Pigeon  forh.     On  sU  of  these,  as  well  as  on  Pigeon  fork,  exposures  wen 
found,  but  the  upper  part  of  the  section  was  obtained  satis factiirlly  only  J 
on  Preacher  run. 

The  study  was  not  sufficiently  prolonged  to  admit  of  classifying  the  beda.fl 
or  of  determining  their  relations  to  the  groups  recognized  in  PenusylvAal 
There  seems,  however,  to  be  n  natural  line  of  dlvigJOD  aboat  midwKjr  ti 
the  seclion  :  for,  above  the  i-uitl  bed^  No.  1»,  to  within  350  feet  of  tbe  top  o 
the  column,  no  thick  eoal  bed  occurs.     It  may  be  that  tlie  lower  pnrtio 
for  alKini  8S3  feet,  is  equivalent  lo  the  Lower  Coal  Measures  of  PeDMyM 
vania  as  represented  on  ihu  Orent  Kanawha  river  of  Went  Virginia,  ■ 
that  tlie  upper  portion  Is  equivalent  lo  the  Lower  Barren  Group  nf  Paaib 
sylvauia.    I  have  noticed  in  anotlier  place*  the  exiniordinary  ihickeiilng'l 
of  tile  Lower  Coal  Measures  southward  ;  how  this  group,  rarely  more  than 
850  feet  thick  in  Pennsylvania  increases  southward   from  the  line  uf  llio 
Baltimore  and  Ohio  railroad  in  West  Virginia,  until  in  Randolph  imunty  it 
is  TOD  or  800  feet  thick.    The  Increase  continues  southward  and  on   the 
Great  Kanawha  the  same  group  Is  upwards  of  1300  (bet  thick. 

On  the  Kanawha,  the  top  of  this  group  Is  dislincl;  for  tbe  "Jlint  Itdge," 
occurring  In  cl'we  proximity  to  the  Mahoning  sandstone,  is  a  well-markod 
horlnon.  But  on  tlie  headwaters  of  Powell  river  Ibo  "jli'nf  Udg«"  n 
to  he  wanting,  and  no  traces  of  It  could  be  found.  Thu  division  bn«,i| 
therefore,  is  arbitrary  and  a  Rnal  determination  of  the  matter  must  be  p 
poned  until  opportunity  haa  tteen  had  for  leas  harried  investlgaiiun. 
quite  |x>8Eih1e  that  the  full  thickness  of  the  group  Is  not  given  is  lUe 
lion,  as  the  lower  Intervals  weru  merely  wlhnated. 

If  I  he  top  of  tlie  Kiinawlia  series  be  at  eoal  b»<t,  Nu.  19,  eom«  reprcMiH 
tlve  ofthe  Upper  Fruducllve  Coal  Series  of  Pennsylvania  may  be  « 
near  the  crest  of  Black  mountain  ;  for  while  the  Lower  Productive  CoaII 
Series  shows  the  remarkable  increase  ^uthward,  the  Lower  Barren  Grnu|| 
shows  no  Hucli  increase.    Its  extrciuoa  are  OOO  and  TOO  feel,  both  ft  w 
may  be  found  within  the  limit*  of  n  single  township  in  dilTerent  t 
Pen  nay  1  van  ui.     No  eyislcm  of  variation  in  this  group  has  Iwun  dlseovei 
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poBsibly  because  the  group  possesses  oomparatively  little  economic  import- 
ance, so  that  it  has  received  less  study  than  has  been  given  to  the  other  coal 
groups  of  Pennsylvania.  But  the  close  investigation,  which  Mr.  W.  G. 
Piatt  has  been  making  of  this  group  for  the  Pennsylvania  Geological 
Survey  may  remove  the  obscurity. 

The  coal  bed.  No.  19,  as  exposed  on  Preacher  run,  has  the  following 
structure  : 

1.  Cannel 2' 

2,  Shale..: 0' 4" 

8.  Slaty  coaZ 0' 4" 

4.  Shale 0' 5"  [  7' 3" 

5.  Coal 0'6" 

6.  Shale 0' 4" 

7.  Coal 3' 5" 

The  eannel  is  compSLCi  and  much  like  that  which  is  obtained  in  Arm- 
strong county  of  Pennsylvania.  It  contains  many  fragments  of  sandstone, 
whose  presence  seems  to  indicate  that  the  material  of  which  the  coal  was 
made  was  pulpy,  not  like  that  which  accumulated  to  form  the  ordinary 
beda.  No  distortion  of  the  coal  appears,  such  as  was  seen  about  the  large 
fragment  which  I  discovered*  in  the  SewickUy  coal  bed  in  Fayette  county, 
Pennsylvania.  The  fragments  are  small  and  angular,  and  doubtless  they 
were  attached  to  some  tre<^,  which  had  been  uprooted  during  a  freshet. 
The  same  bed  was  seen  on  Calahan  creek,  where  it  shows : 

Coal 0'5" 

Shale 10' 

Coal V2"  \  W 

Shale V 

Coal 0'5"  , 

and  is  therefore  worthless. 

Coal  bed.  No.  21,  is  exposed  on  Preacher  run  and  Calalian  creek,  and 
fragments  of  it  were  seen  on  Looney  creek,  though  the  bei  itself  was  not 
found.  On  Preacher  run  it  is  finely  shown  at  two  miles  from  the  mouth 
of  the  stream,  where  it  is  from  3'  6''  to  3'  thick  and  yields  a  splint  coal  of 
remarkably  fine  quality.  The  roof  is  a  hard,  compact  sandstone  and  the 
eoal  shows  but  insignificant  partings.  An  analysis  of  this  coal  by  Mr.  A. 
S.  McCreath,  of  the  Penn.  Geol.  Surv.,  gave 

Water  at  225^ 0.880 

Volatile  matter 87.580 

Fixed  carbon 58 .059 

Sulphur 0.406 

Ash 3.075 


•  Second  Oeol.  Snrv.  of  Penn.    Rep.  on  Feyette  and  Westmoreland  oounties. 
[KK.jp.  210. 
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This  foal  \a  well  adapiei]  for  use  in  llie  T'lraace,  hb  It  has  &d  eitremfl 
low  perrcntAge  or  sulphur  and  ash.     Thu  analysis  just  given  niay  bn 
pared  with  ime  of  iliu  Sfiaron  at  Sloc/c  eeat,  which  is  med  eilensiTety 
the  iron  works  or  caslcrn  Ohio.    Tliis  ia  also  by  Mr.  McCrealk,  and 
given  In  Report  MM  ol'tlie  2d  Gcol.  Surv.  of  Penu.,  p.  90. 

Water  at  325° 8. WO 

Volatile  mailer 85,800 

Fixed  carbon fi3.S7S 

Sulphur 0.875 

Ash 6.SflO 

Coal  bfd.  No.  28,  ia  very  Bimilar  to  the  last.  It  is  8'  a"  tbl^  $ 
Preacher  run,  but  ia  4'  0"  on  Lonncy  creek.     It  ia  perajatenl  tlirougtigi 

the  area  examined  and  holds  its  thickness  welt. 

Only  ifle  blossom  of  No.  25  was  seen.     No.  27  is  pcreiBlenl  but  a1' 
thin.     Lying  as  it  docs  between  two  plates  of  hard  sandstone, 
UBufu!  in  indicating  the  place  of  the  large  bed  below. 

Coal  bed,  No.  29,  is  exceedingly  variable,  though  altogether  persiatent 
It  has  been  opened  on  Pigeon  fork  at  pnibably  two-thirds  of  a  mile  abof 
the  mouth  of  the  stream,  where  it  shows : 

0.ial 6' 10" 

Shale. 0' 10" 

Coat 2' 5"        14' 

Shale,  averaging 0'  3" 

Coal 4'6"    , 

A  Bimllar  slnicture  was  seen  on  the  Aral  branch  of  Pigeon  fork,  and 
both  locaiilies  the  upper  division  is  su  slaty  ns  lo  be  appartnlly  of  litt) 
value.     The  middle  division  is  soil,  has  a  prismatic  slruclure  and  OOU 
well ;  the  lower  division  is,  for  the  moat  part,  a  splint  coal  of  very  fli 
quality,  though  it  is  somewhat  inclined  tu  be  slaty  near  tlic  base. 
Looney  crceh,  only  the  middle  and  lower  divisions  remain,  llie  upper  dii 
sion  having  been  removed  by  a  horseback  of  clay.    Tht  charaoter  ot 
remaining  divisions  is  the  same  us  on   Pigeon   fork,  but  ihc  eoal  ia  in 
liked  and  that  from  the  middle  division  is  earned  to  long  disiancM  for 
by  blackamitha    Eastward  from  L(H>ney  creek,  the  livU  is  exoeedi 
variable ;  on  Preacher  run  it  Is  but  two  inches  thick,  on  Kelly's  run  1^ 
InBignlficant,  and  on  Church  House  run  it  Hccms  to  lie  not  mure  than  ol 
fool      But  at  an  exposure  near  Roaring  fork,  at  abniit  two  mllea  aboi 
the  head  of  Big  Stone  gap,  the  bed  is  evidently  very  thick,  though  the 
posure  is  loii  indelinile  to  admit  of  deflnilo  measurement.     At  all  looiUtli 
the  lower  parting  shows  many  impresaions  of  Sigilltna  and  ByHngait 

As  the  middle  division  of  this  btd  seemed  to  be  a  good  coking 
sample  was  forwarded  lo  Mr.  McCrealh  for  analysis,     lis  com|Kw1lton 
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Water  m  2as>. 

VoloUlc  nutter 

Fixed  cturlwu . 

I  Sclphur. 


.  157.870 
.  0.771 
.     0.890 


ahowi  it  to  be  a  gas  coul  of  superior  quAllty.    The  coke,  la  point  of 
■lb.   Cftiuiot  lie  excelleil. 

C'oal  bad.  No.  32,  \a  Uie  moat  importntit  nnd  Icnat  variable  bed  ot  tlie 
scries  anil  it  is  likely  to  prove  or  great  eiuooinical  importance,  as  it  will 
ail"*^!  eak«  for  worlting  the  vast  deposits  of  iron  ore  wliieb  exist  atnng  tlie 
lino  of  tilt  Atlftulic,  Mississippi  and  Olilo  railroad  aod  in  Nurlhweslern 
Nortli  Carolina,  It  was  seen  on  all  of  tlie  Btreiims  except  Loouey  and 
Ctlalaan  creelcs,  Uie  place  of  the  lied  being  concealed  on  lliose  streams 
■IteretUe  water  runs  over  it.  A  line  of  springs  marks  iis  outcrop  on 
P>i;«oii  fork  and  llie  eoal  is  exposed  on  the  nrat  brancli  of  ibnl  fork.  An 
Impcrfecl  opening  on  Clmrcli  House  run  shows  : 


j^Tb. 


Coal.. 
Shale  . . 
Coal.. 


t'  10" 


Coal.... 
*  Paning. . 


Oeal.. 


.  2' 8" 


6'  11" 


be  lop  part  of  the  bed  for  eleven  incLee  is  very  bard,  a  true  iptitit, 

wblchisan  advantage,  astlie  roof  is  not  always  secure:  but  the  remainder  of 

Ihe  Uiijier  ticnch  is  very  soft  and  mucli  of  it  has  a  prismatic  structure.     The 

^^J|pr  bench  Is  somewhat  less  soh.  but  is  very  tender.    The  coal  takeu  out 

^^HUaopeuing  cokes  well.     An  exposure  near  the  moutb  of  Preacher  run 

^^B     Co 

^^H^     Coal 8'B"J 

""I  lie  character  of  tbe  exposure  is  not  sucii  as  to  indicate  the  quality  of 
"w  <Bal.  Tbe  same  liod  is  shown  on  a  little  branch  of  Roaring  fork. 
■•'•t*  it  ts  not  lat  from  eight  feet  thick.  SigiUaria  and  Sgria^odondron 
'ftUMiilrins  are  numerous  in  the  shale  parting. 

T(>d«temiiiie  the  riuallty  of  llie  tmil,  sivinplea  were  taken  fnim  all  tlie 
"*'I'Am  «xcci>t  tlie  hard  tiilinl  eoal  on  lop.  These  yielded  the  following 
~    uijAa  by  Mr.  McCreatb  : 


^In'lt  runhor  up  the  run,  the  bed  lisa  the  same  Btructure,  but  la  only 
The  oike  made  at  Mm  latter  opening  Is  very  hard,  porous  and 
.    On  Kelly's  run  the  bed  is  somewhat  thicker  and  ahows  : 
CmJ 4' 5". 
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Water  al  225° 1.880 

Voliiiile  matter...... 85.990 

Fixed  carbon efi.601 

gulptiur 0.584 

Ash 1.515 

Is  therefore  a  coking  coal  of  marvelouR  excellence.     Tlie  coke  will  con- 

IDLQ  three  |)er  ceot.  of  osb  an<l  barely  a  half  per  cent,  of  sulpliar. 

lis  Cfike  is  far  Buperior  to  that  from  ihe  ConnellBville  region,  and  better 

thai  from  the  Oxmoor  Works  id  tlie  Cahawba  biisin  of  Atalianui.     It 

'1b  decidedly  better  than  the  coke  Oom  the  New  River  region  of  West 

Vlrgi.ii». 

No.  Se  1b  ft  persistent  thougli  valueless  lied.  It  \\m  liceii  mined  near  tlie 
moiitti  of  Clxircb  House  run,  where  it  is  ttvo  Teet  thick  and  yields  «□  in. 
ferior  iplint  eoal,  wlildi  is  very  rich  in  sulphur.  Its  bloesom  appears  in  the 
bluff  above  Ihe  road  alongside  of  Roaring  fork  for  nearly  two  miles  above 
tliu  head  of  Big  Stone  gap. 

The  interval,  No.  37,  could  not  be  made  oui.  The  nhole  (kco  of  Ihe 
OOal-iirua  fruntini;  on  Ronring  and  Pigeon  forks  is  Injured  by  eilensive 
mdcs,  which  conceal  this  interval  everywhere. 

No.  42  was  seen  above  the  mouili  of  Calahan  creek  in  ilic  bed  of  Rearing 
fork,  and  In  the  bed  of  Pigeon  fork  at  probably  a  mile  ainve  its  mouth, 
he  eoa'  is  said  to  be  very  good,  a  condition  due  no  doubt  lo  Ibe  removal 
'its  sulphur  by  the  water. 

The  remainder  of  Ihe  section  was  not  measured.  The  lovrcr  member) 
-llsc  quickly  t(i ward  Stone  mountain  and  the  rate  ofdlp  varies  so  greatly 
Ibat  thickucsses  could  nut  be  determined  during  a  mere  reconnaissiirii;e. 

Tas  SsnAi.  (PoTTaviLi.B)  Conolomkratb. 

The  Cringlomeratc  forms  the  northern  side  of  Stone  moantain  and  its 
ollfls  dip  N.  N.  W  at  between  TO  and  80  degrees.  The  inlervals  Ucl-.reon 
these  cliffs  must  be  occujiiod  by  shales  or  very  soft  snndslones  as  thej 
afford  no  expoHuroa.  The  group  ai  shown  in  the  Big  Scone  gap  is  Dot  Ihs 
tlian  1000  feet  tliick,  but,  owing  to  the  dense  forest,  it  was  impossible 
either  lo  gain  a  general  section  or  to  get  the  detailed  slrnctnre  of  any  por* 
tion.  It  was  not  determined,  therefore,  whether  or  not  the  QuinDeinunt 
series  of  •■('iinjeds  is  present  here-  This  cannot  be  ascertaine"!  until  tlie 
foliage  has  fallen. 

The  sandstones  in  the  cliS«  vary  troax  fino-gr^ncd  to  coarse  onglonuir* 
Hte,  the  latter  containing  quartz  pebbles  as  larj^e  as  a  pige«n's  egg.  Th« 
highest  bed  i»  a  moderately  flne-grainod  rock  and  is  well  shown  at  the  hnd 
of  the  gap,  where  it  dips  at  80  degrees.  Tliis  is  known  aetha  "Bcc-mck," 
as  the  laurel  blossoms  covering  It  are  the  resort  of  immense  numben  ol 
beesduring  tlie  early  summer.  Ii  shows  many  rude  iinpressiouauf  JS^ffl- 
laria  and  estends  along  Uie  north  face  of  Stone  mououln  lo  hoyond  the 
Lilile  Stone  gap. 
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L  kcihe  Conglotnenile,  lliesc  rocks  nre  fotiod  only  ii 


Ihe 


inlulne 


bikS-  vlrUlliraipecling  their  tUiokni^BiiuJ  imrapoBition  oinnot  be  ascertain ed 
uat.  S  1  after  Uio  foliage  lias  HiMppearotl.  Tliej-  are  shown  along  llie  tuutli 
bc^  wfStone  mountain  Troui  Litil<i  Stone  gap  westward  to  tbe  Tennes«oe 
llDc9v  and  on  tlic  norlberly  face  of  PowuH  mouiilain  fVom  titut  gup  U>  tlie 
N oK~«Ji  F'ork  gap,  where  Ilio  Carbouiferoua  aoriua  onds.  The  Umbral  Limo- 
RtOU*4  follows  Uio  \et\i  liand  aide  of  Ilie  gap  until  within  a  short  distance  of 
Cli«»*^  river. 

S"«»ilelnilod  Bxposure  of  the  inierval  belwt-en  the  Cuiiglomurale  and  Ihe 
Dna  %>  sal  Llnu'slone  wna  diBcovere<l.  hut  il  is  not  far  from  .1(11)  feet  thick,  and 
appB-  MTB  lo  l>e  filled  chiefly  with  red  shale,  of  which  a  few  short  espaeures 
•«-*»  iccn. 

Tlaw  limestone  appear*  aa  a  cliff  along  the  southern  face  of  Stone  moun- 
\xM  aaod  la  wdl  siiown  on  buUi  sides  of  Big  Stone  gap,  where  11  dips  N. 
S  "^"V",  *t  "(I  itogrees.  and,  ns  nearly  us  can  be  esiimsipd,  is  between  250 
uid  StW  fcoi  iliick.  The  turnpike  is  cut  through  it  at  Little  Stone  gap. 
Thoncv,  along  Powell  inouuUiia,  it  is  seen  as  a  broad  band  to  the  North 
yorlc  gap.  wlierc  iia  outcrop  hunds  eastward  and  follows  the  left  hand  aide 
afthegap  almoat  lo  Clinch  river.  For  the  moat  part,  this  rockiswun- 
I»(t  &ud  flnegrHitied.  but  Bouieoftho  beds  are  granular.  Chert,  iu  uodn lea 
ular^e  as  an  ordinary  orange,  ia  plenliful  in  one  layer.  Fossils  occur 
tha)ij|.|,ugi  ||,L.  niHss,  but  the  Epi»:imeDB  are  not  silicilled  and  the  species 
am  «a«.it  readily  ideittiHable.  Prudvelun  cora  and  Zitpbrentit  wpinota  wore 
'•hUioi^J  aenr  lUe  mouth  of  Big  Slone  gap.  Many  layers  of  this  limestone 
•""V^rypiire  and  yield  a  lime  of  superior  quality.  The  rock  is  cnvornoua 
and  t,I«ii  liirge  cavea  In  Powell  mountain  aHorded  a  supply  of  saltpetre  to  the 
***•«•  «li'rulcs  during  the  late  war. 

"  'Bvlher  or  not  nicks  of  VftptTli'tt  age  hare  been  brought  up  along  the 
'*^<'«->*"Stonn  mountain  was  not  ascertained  ;  but  the  position  ol  the  linie- 
u<in»  )^j  ^  c^^  mitua  west  from  the  Big  Stone  gap  renders  probable  that  no 
'*P"*^«!nlatlve  of  that  group  has  been  brought  up.  On  the  northerly  ftice 
f4  P«  »  x^i-ii  iMuunliiin.  however,  the  succeseion  is  unbroken  and  ihe  Vesper- 
Mnn  B~«»<'|(g  uro  uRduuhiedly  present  there,  althotigh  they  are  concealed.  A 
*"  I  ejiwtc  in  the  Norih  Fork  gap  at  a  considernhle  distance  below  the 

lie  and  lliej'ofore  belongs  lo  this  group.      Coai  from  it  was  used  at 
a  forga  In  the  gap. 

Tmb  Dbvonian  R<m-Kb, 
Immense  Dr\-onian  aeries  of  NVw  York  and  Pennsylvania  is  insig 
niflffcra  \  |i«re  and  ia  repreaeuled  only  by  blatk  ih'ila>,  which  are  exposed 
aVieiC  thefootof  bolU  atone  and  Powell  mounlalns.  These  ihak-s  croas 
ifw  TtMi,,y  n,,nr  I,itiie  Stone  gap.  where  Iheii-  dtp  is  abrupt  near  the  contra) 
l'""*^  the  valley,  hnl  iTOeiimns  gentler  toward  each  mountain.  They  are 
tW  ■^iiWakni  of  Prof.  SalTord'a  ••  BOtek  iltalft."  Their  thicknesa  wa« 
■*'*<;tcrmlnKd  aceumlely,  but  it  cannot  exceed  5(i0  feet.  No  fojulls  were 
n  litem. 
r,  AMXK.  PniLoa.  hoc.  mx.  tO".  m.     pnrxTED  ocTOBEn  27,  lOSt). 
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Tlie  Lowtr  1K-Iilirlieig,  tliR  Oliolon  and  Ihe  Meilinn  weru  reeo^Iiced. 

T>i4  Loiivr  Uetder/igrg.—TUe  mcksof  Uiis  group  nre  ex|HiBri1  in  Ihe  PoO 
valley:  »D  Ihe  oislcrii  end  of  Walkm's  rldjiiJ;  in  llif  wnXWy  bomiM 
Wallen's  ridgu  sud  PowbII  mounliiin  ;  in  lliu  Nurlh  Fork  giip.  und  on  III 
amuti-enBrern  slope  nf  Powell  mountain  beyoiiil  ttial  gap.  Tlio  cxposnM 
are  very  fnir  und  a  complt^tu  secLiun  <H>uld  bo  i>liUiitii.-d  wlUuiui  rauob  dilT 
culty. 

Tbe  eBtiumted  thickness  U  not  far  frora  850  teei.  T<n  70  foet  trom  Ui 
bollom  Ihe  sprica  consists  or  limestoneB  ia  l>eda  orrriim  three  to  five  tee 
sep&rHted  by  Blmlea  ia  BomuwhaL  lliii'kcr  Inyi^rs,  The  lower  lImeeU>ii«BW 
allicious,  but,  toward  the  top,  Ibe  l)eds  sre  pnrer  and  one  of  them,  blaci 
fetid  and  four  fuel  thick,  t^oniaiaa  abiindaaci>  of  Ltptrdiliti.  UvwIflQ 
litis  is  a  succi»3ion  of  uoarsu-graincd  aiWrcous  Mndstoncs,  aluUei  khi 
sillcious  limesionm,  not  well  exposed  along  ibe  line  fullowed  ia  iIm  it 
tempt  to  secure  a  section.  Tliu  lower  calcareous  mndsiune  Is  slionrn  in 
line  of  low  bills  near  Bl;;  Stone  gap,  and  also  on  the  iDrnpIko  wlllllo 
mile  or  Cedar  gap;  the  larger  of  tlic  silicious  limeHtoniw  is  Bbown  nwr  tb 
pike  opposite  tbc  ^p.  and  also  on  the  north  aide  of  Powell  river  nt  bkrel 
a  mile  below  the  gap.  It  is  very  light  in  odor  and  hits  a  clterty  loOk 
Immediately  above  it  is  a  coarse  reddish-gray  sandstone,  cloauly  rcBembllo 
the  Oriakany  aandalone  of  New  York. 

The  lower  sandstone  i»  well  sliown  on  the  pike,  whi-re  It  seems  to 
made  u]i  almoet  wholly  of  casts  of  Orthit  ^Uila.  Rhi/nehoit^'M  tei*tri«o< 
and  undetermined  Meriitelln. 

Tbe  silicious  liineEloue  yielded  Crinoid  tUrru,  abundant :  AtpiiseritM 
netittliiformi*  ;  OlmUUii ;    Fato»iUi ;    Atrypa  retievUiri*  ;  Stroptuniki* 
TkomioiiaiU  ;  Htniphodonlrt ;  Hpiriftr  i-yi-iopttrun  ;    MtrUlella  ; 
ehaneWi  nuoUalala;    Orthit  Mala;    and  oilu-r  forms  which  wei 
recognized. 

The  immediately  ovi-rlyins  simdstone  lias  n  bnirtd  MarUUlVi  ;  Spirifit 
ptrUimtUnna  ;   fUvoiitM  ;   Ganinia   helderbtrgtit ;  the   last   two   I 
almndaDce, 

At  somedislnnue  t:plhc  valley,  say  four  miles  altovellie  Big Stoni 
property  belongiug  to  Mr  Bpencer,  the  up|wr  altiflous  lim< 
impregnated  with  brown  hematite.     Usually  only  Ihe  joints  hava  boe 
filled,  but  occasionally  for  coasidt^nible  diatAuces  the  rock  ban  been  ivplacM 
by  limonite.    The  ore  \%  too  allicuitu  to  be  of  any  value.    The  ftisrils  mi 
distinct.    Alone  the  valley  betweou  Wallen's  ridge  and  Powell  niunitlati 
the  Lowi-r  Ilcldcrburg  rocks  cnu  be  followed  easily  :  tbe  siliciouo  UineMni 
and  the  lower  calcareous  sandstone  have  been  replacud  lo  a  greater  or  \\ 
extent  by  brown  hematile.  The  outcrop  of  the  lower  ore  foilows  the  liill 
abiive  llio  road  for  miles,  wliilo  the  npper  lied  follows  the  crcttk-lMHIni 
almost  Lu  tbe  hcwl  oi  Wildcat  cretrk.  A[uch  of  the  ore  at  tlie  tipfier  li 
It  exceedingly  piH>r,  but  there  are  some  pockets  of  decidedly  guodH 
•  fuasils  are  the  SHiue  with  those  seen  at  the  same  hurixonll 
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valley.  The  lower  horizon  makes  a  fine  showing  along  the  hillside  and  the 
fragments  that  have  fallen  to  the  road  are  often  of  such  excellent  quality  that 
a  passing  observer  might  be  led  to  suppose  that  the  deposit  is  of  uniformly, 
good  quality.  Unfortunately,  the  ore  here,  as  at  every  other  locality,  is 
variable.  Much  of  it  is  merely  the  sandstone  permeated  with  limonite, 
sometimes  half  its  bulk  being  ore.  There  are,  however,  numerous  pockets, 
some  of  them  very  large,  which  contain  ore  of  marked  excellence,  as 
appearu  from  the  following  analysis  by  Mr.  McCreath  ; 

Metallic  iron 52.550 

Sulphur 0.037 

Phosphorus 0.051 

Insoluble  residue 7.840 

Thus  containing  only  .097  of  phosphorus  in  100  parts  of  iron. 

This  hematite  occurs  on  the  south-east  face  of  Powell  mountain  beyond 
tlie  North  Fork  gap,  but  no  examination  was  made  there  to  determine  its 
ej^tent  or  quality. 

The  Clinton  Group. — In  the  low  hills  alongside  of  the  turnpike  and 
opposite  the  Big  Stone  gap,  the  following  succession  of  the  rocks  under- 
ing  the  Lower  Helderberg  was  made  out . 

1.  Mostly  concealed,  with  here  and  there  an  insignificant 
exposure  of  sandstone  ;  probably  contains  some  pure 
limestone,  as  fragments  were  seen  on  the  surface. 
Estimatedat 250' 

2.  Red  to  yellow  fissile  shales,  with  thin  layers  of  fine 
grit.    Dip  almost  vertical 60' 

3.  Imperfectly  exposed ;  has  occasional  layers  of  reddish 
grit 85' 

4  Fine  grained  calcareous  grit,  passing  downward  into 
silicious  limestone.  The  upper  half  contains  little 
calcareous  matter  and  is  very  hard  ;  but  toward  the 
base,  the  rock  becomes  comparatively  good  lime- 
stone. No  fossils  were  seen.  The  dip  at  the  top  is 
70  degrees,  but  decreases  downward,  becoming  56 
degrees  at  the  base 60' 

5.  A  concealed  interval 75' 

t  6  Deep  red  flaggy  sandstone,  very  fine-grained  and  ex- 
ceedingly hard  ;  dip  is  30  degrees  toward  N.  N.  W. 
This  rock  contains  many  Fucotds,  but  no  other 
fossils  were  seen  except  a  weathered  cast  of  Ortho- 
eeras 8' 

7.  Shales,  red  to  yellow,  brittle,  with  thin  layers  of  hard 
shale  containing  Fucoids.     The  dip  is  indistinct 50' 

8.  Silicious  limestone,  not  unlike  that  seen  in  the  Lower 
Helderberg 5' 
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Bulow  this,  lUe  succBBBioQ  \»  rery  indiatinct  ktoug  the  tbre«  linn  on 
whicb  ft  section  wsa  attempted.  The  cherty  limestone  cnntalus  mutj 
rosstls.  hut  they  ore  Dot  well  preaurred,  and  tLu  HiwdeB  &re  indistinct. 

Below  tlic  TiKka  of  the  sec^lion  is  n  series  or  bIuIm  and  sunilBloDee,  In 
which  arc  Tuand  liie  fosijil  urea  of  this  gruup.  No  Mtimato  "f  the  whAlv 
thickoeae  vaa  made. 

The  Clinton  rocliB  are  well  shown  on  the  south  side  of  Pixir  Tallejr.  Mid 
Trom  Die  nurtherii  lne«  o(  Pour  Valley  ridgo.  Tlie>-  occur  on  lliv  north  Btd« 
of  Wallen's  ridge  above  [lie  mouth  of  South  Forkof  Powtll  river,  and  am 
well  exposed  along  thu  soutlierly  face  of  that  ridgi!  for  seveml  intlee.  Tl)«7 
appear  also  on  the  south-easterly  Blo|>e  of  Powell  luouiiltun  heyiHid  llie 
North  Fork  gap.     At  all  of  these  locaUiies  the  fossil  oresaru  found. 

Three  beds  of  ore  were  seen  la  the  Poor  Valley  region.  Tlio  Uighcii  be- 
longs prolubly  within  the  concealed  interval  No.  7  of  the  section.  It 
shows  itself  in  the  bank  of  Powell  river  at  about  half  a  mile  O'oni  the  gnp 
with  a  Ihicknesa  of  from  S  to  8  inches,  and  a  dip  of  5tt  degreee  toward 
N.  25°  W.     It  is  included  in  i^rccnUh  sliales,  which  are  rich  in  /W»Ma^ 

The  second  bed  crops  out  In  ihc  "bottom"  at  say  half  a  uiUe  fuitlier 
down  Ibe  rivei.    It  is  Imporhint,  and  has  the  (ollowing  si 


Hard  c 
Son  on 


.  4'  B" 

.  2'  0" 


The  upper  layer  has  very  fair  ore  in  its  lower  30  Inches,  which  could  bo 
used  in  a  furnace.  It  is  harder  than  the  tender  fossiUfeniUs  ore  bulow,  and 
contains  fewer  fossils,  but  it  is  much  less  liard  than  the  other  pitrt  of  this 
layer.  The  strike  Is  N.  40°  E.,  and  llie  dip  is  43  degrees.  The  bed  woa 
followed  for  a  considerable  distance,  hut  no  omtcrial  vaiiation  in  tlilcknesa 
wBB  observed. 

A.  third  bed  was  seen  near  Cedar  gap,  hut  the  exposure  there  \a  Bomo- 
what  indefiniie.    The  hard  ore  predominates,  anil  Is  far  frum  being  good. 

The  lost  two  lieda  occur  on  Wallen's  ridge  at  but  a  little  way  above  Ihtt 
mouth  of  BouiU  Fork  of  Powell  river. 

Two  beds  only  were  seen  on  the  sonih  (ace  of  Wallen's  Hilge  along 
Wildcat  creek,  a  tributarr  to  the  South  fork.  One  of  these  te  3S  fnvhm 
thick,  and  di|ia  at  10  degrees  in  an  almost  east  direction.     Th«  OthuF  bed 

shows  :  Soft  ore V 

Hard  ore S' S" 

overlying   one  fix>l  of  ferruginous  shale,   which  rests  on  a  f\»gg}f  ttUld> 

stone.     The  upper  part  of  the  sod  ore  is  almost  granular,  and  tsn  bo  t*> 

moved  with  a.  shovel,  but  it  is  inferior  to  the  olber  imrt,  and  oUaiUB   i 

many  amall  rounded  quarts  |)obblcs.   The  hard  ore  shows  very  few  fiwritai   J 

The  dip  is  11  degrees  and  almost  due  east. 

The  ordinaiy  ore  of  this  region  is  very  gotid,  as  appears  from  the  lUhnVa  I 
Ing  analysis  by  Mr.  McCreath,  of  a  spccimou  from  Wallen'*  ridgo  -. 
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Metallic  iron ;.,%  52.600 

Sulphur ^.v'/O.OlS 

Phosphorus '..'0.116 

Insoluble  residue 18. 140  - 

there  being  but  .220  of  phosphorus  in  100  parts  of  iron. 

The  very  soft  or  granular  ore  was  analyzed.     It  has  the  same  cfiflCl^^pter 
as  the  last,  except  that,  owing  to  the  presence  of  the  quartz  pebblesy-tj)^- 
infioluble  residue  is  very  great.     The  proportion  of  phosphorus  is  .228  fd 
100  parts  of  iron. 

Three  beds  were  seen  in  the  area  along  the  south-east  slope  of  Powell 
mountain  .beyond  the  North  Fork  gap.  The  highest  one  is  thin  and 
contains  only  silicious  ore.     The  second  bed  sho^ : 

Ore V 

Shale 1' 

Limestone  and  Ore 0'  5" 

Shale 0'  4" 

Ore 0'  5" 

Shale 0'4" 

Ore V 

At  50  feet  below  this,  the  interval  being  filled  with  sandstone,  another 
bed  was  seen  showing  : 

Very  soa  ore V  S" 

Hard  ore 1'  6" 

The  ore  in  both  of  these  beds  is  leaner  than  that  seen  in  Poor  valley  and 
on  Wallen*s  ridge,  but  it  can  be  mined  very  cheaply.  These  Powell 
mountain  ores  show  the  fossils  much  more  distinctly  than  do  those  in  the 
o^her  localities  and  the  forms  are  larger.  LeptorMia  Jiemisphericfi,  Strep- 
torhpnchui  subplana  and  the  pygidium  of  a  Calymene  occur  abundantly. 

The  Medina  Sandstone. — This  was  seen  only  on  the  crest  of  Wallen's 
ridge  near  the  head  of  the  valley  separating  that  ridge  from  Poor  Valley 
ridge.  It  is  a  moderately  coarse,  light  gray  sandstone,  evidently  more  than 
300  feet  thick,  and  so  far  as  observed  contains  no  fossils. 

The  Lowkr  Silurian  Rocks. 

No  rocks  of  this  age  appear  in  the  Poor  valley  within  at  least  15  miles 
west  from  the  Big  Stone  gap;  nor  are  they  exposed  between  Wallen's 
ridge  and  Powell  mountain  between  North  Fork  and  Little  Stone  gap ;  nor 
do  they  come  to  the  surface  along  the  southeast  slope  of  Powell  mountam 
beyond  that  gap.  But  they  are  well  exposed  on  the  northerly  face  of  Wal- 
len's ridge  and  in  Wallen's  valley,  which  separates  that  ridge  from  Powell 
mountain  beyond  the  North  Fork  gap. 

Limestone  is  the  prevailing  rock  and  there  is  little  reason  to  believe  that 
even  the  base  of  the  limestone  of  II  is  reached  at  any  exposure  within  the 
area  examined.  With  the  limestone,  shale  is  interatratified,  which  is  some- 
times fisMle  but  often  compact  and  not  laminated.     One  cannot  (ail  to  note 
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I  the  deep  n^'-fu^r  nf  the  debris  fevering  the  outcrop  nf  the  lEmestmi*. 

f  which  so  _ow}i>ri»i>inUm  llif  decuniiiusutt  oui^rop  ot  a  Umoiiiie  hed. 

In  WdJft^'B  ridge  thn  limcrstonc  hns  itn  almost  cost  dip,  tint  \n  the  rnller 
Iwtn^n  that  ridge  i»nd  Piwr  Viilley  ridge  it  is-pn-sscd  inio  very  clnH 
ubriip!'Ky!ds,  in  whii-h  tlic  di[«  siiiiiuUnies  exccod  SO  dei^nws.  la  Uiesa 
fglilkL tab.  tlie  dip  is  iwlsled,  w  Ihai  Inateul  of  heini;  eiwl  hriI  woit,  it  bc- 
^^^t!"  first  N.  W.  und  S.  E..  iind  then  N.  N.  W.  «nd  8.  S.  E.   The  lowest 

■d^Miiher  ijt  the  BBrius  ia  a  muss  of  reddisli  in  yollnw  shales,  whicli  nro  to 

'•^tBiorted  [hut  their  tliickaess  coiild  nut  Ui  dctermiiied.    Tli«su,  liowei^er, 

*.  are  pmhablf  only  n  part  of  tlie  limestone  series. 

Whether  or  not  soy  sliales  intervene  between  the  liniMione  and  the 
Hodina  sandatone  Above,  was  uot  nscenninod.  as  n  ronreated  iatorvai  iKca- 
piea  ibe  space  between  [he  two  formutiuoa,  Tlicae  niclu  do  notcunioUi 
the  surface  again  toward  ibe  east  until  near  Clinch  river,  where  Stock 
creek  liaa  eroded  a  tunnel  throngli  a  hill  of  the  liineHtune.  In  the  limestone 
of  Wallen'a  ridge.  SlrophomeTut  alUrnttC'i,  I^ptana  ttritta,  OrthU  oeci- 
dtiiialii  and  other  species  characteristic  of  tlia  Tcenioo  limcsti>ne   occur 

I  abundan[ly. 

'     GkMERAI,  STIlCCTtrnE  OF  THR  REOIntS    BETWEEN    BlACK    Ml>UST*ra  AMD 

Clinch  Hiver. 
The  foUowiug  diagrara.  Fig.  3,  which  is  a  coniinualion  of  Fig,  1,  repi«- 
Ben[a  [he  structure  of  llie  region  twlween  the  fanlc  of  Pour  Viilley  ridge 
'   and  Clinch  river: 


Tk*  Stone  Mountain  Fault  is  the  " 
I   which,  according  to  his  map  ^f  1S7S,  c 
I   tliroughoni  its  entim  course  is  tlic  southern  and  souih-eastern  border  of  ilu) 
I    Bial  Held. 

Tho  fault  to  wliich  the  mounlnin  is  due  is  slinrp  ;  the  Umbral  liDM- 
Itune  on  its  southern  face  dips  at  7U  degrei's  \  the  Sural  ixmgininenue. 
It  more  than  80  degrees  ;  but  llie  dip  decreaBca  wi[h  great  rapidity,  dtnila- 
ishing  from  BO  to  3  degrees  wi[liio  a  very  few  rods  and  rikiq  becoming  Imi 
than  1  degree.  Only  the  lowest  rocltsof  tlie  coal  measures  are  lnru)v«l  In 
this  abrupt  dip  and  of  those  tlie  projeetin);  portions  Iihtu  been  removed  bf 
Pigeon  and  Roaring  forks  of  Powell  river  wilhln  thn  area  viaited. 
l..oohing  across  ilie  valley  from  Stone  niuuiiUiio  to  Powell  mounlnin.  rmo 
e  tlie  rckliona  of  the  Stone  Houniain  f^ult :  for  tlic  Poor  Valley 
Ridge  fault  is  regiresented  ibere  only  by  a  gentle  aniidinal.  Th«ci>ndUinn* 
[  ar«  assEiown  in  Fig.  2,  where  Uie  dottud  lincE  rcprvsent  portions  whicli  lift*« 
I    been  mniovedby  erosion  ;  Ihe  whole  soction,  us  given  in  lliedluKnim,  is  pic- 
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It  Ihe  hend  of  Uie  Sonlli  Fork  of  Powell  river,  wlieve  Ihe  divide  be- 
tWAirn  lliftl  »Ir««in  and  ihe  West  Fork  at  Btooe  creek  j'linB  Ihe  Iwo  muun- 
lalne.  Tht!tl^rec:(liiliItBthofMctili>i(  bare  there  isncTAcked  aniicUntil,  with 
t!ic  cttipk  al  some  diHtuDCc  nurlli  Tram  thu  line  of  Uie  uxis.  Tim  eticcession 
of  the  rocks  on  ihe  south  slrte  of  Ihe  «iia  is  oontiniioiia  from  tho  Lower 
Hcldorberg  to  the  CohI  Henaiires,  llie  luller  lieing  preseni  in  Eliinier Titll«y, 
oil  iJie  soiiilierly  aide  of  Powell  inountAln  ;  hut  on  tlm  mirtli  sidi-  of  tbs 
nx'm  lilt!  auccewion  ia  broken,  und  the  Biiick  Slinles  of  the  Deroiiinn  real 
aininat  the  upturaed  lieda  of  tlic  Lower  Ciirltoniforous.  It  is  evident  Ibiit 
during  tho  plicalion  of  lUc  rocks  the  beda  gav<i  way,  nod  that  Ihe  lateral 
siinve  wna  M)  strong  nstottuablhoae  on  nne  side  of  the  fnicture  into  aii  almost 
vertical  pogitloa,  wliile  tlnwe  ou  lite  nllier  side  were  aimply  raiaed  iir  pei^ 
haps  pushed  over  on  tn  tira  u|ilurne<l  edges  of  sonic  lower  rocks,  which. 
UK  n'rt  shiiwn  at  the  surfaiv  iihing  the  line  of  ilie  fault.  It  is  altogether 
pmbablc  thai  the  n>cka  now  nccu|i.vinK  tlic  t^llcy  along  llie  soullieni  foot 
of  Stnne  mountain  rest  on  lietl"  of  Veaperline  iige. 

The  vertical  extent  of  Ihia  fault  is  less  than  one  migliC  suppose,  and 
donbtirns  la  Utile  more  tlmn  eoOO  feel.  The  Devonian  is  represented  hero 
only  hj  bliLck  shulva,  wiiich  are  of  inronaiilerahle  thickness  when  compared 
with  tile  grniit  mam  of  Devonian  rocks  in  New  York  and  Pennsylvania, 
If  enieion  had  not  removed  ao  rancii  material  along  the  Powell  river  and 
iu  lrihutarii«,  onn  ini|;ht  have  found  thmugliout  only  the  condition  indi- 
cated by  Iho  dotted  lines  in  Fig  2  ;  and  the  vertical  extent  of  the  fanlt 
would  liave  Iwen  re^rded  aa  altogether  inslgnillcant.  for  the  Li<wer  Car- 
bnniremna'limestoneis  pniclienlly  in  CADtncl  on  both  sides  of  the  fault  in 

Mriolnlly  of  Ihi-  Little  Stone  gap. 
Il  AittU  0/  Po&r  YiM»ii  Ridst.^A.  [>elly  aniiclinal  exlala  between 
■11  tttul  Stone  mountain  in  the  valley  near  the  Little  Btone  gap.  lu 
Are  more  abrupl  on  the  northern  limn  they  are  on  the  aouthem  side, 
while  at  the  same  time  they  are  much  more  abrupt  near  tlie  axial  line  than 
lliej  arr  at  a  little  distance  tVom  it.  Only  the  Devonian  and  Lower  Heldor- 
iMcg  roiilui  aiv  brouglil  in  ilie  surface  iu  the  valley  here. 

It  a  Ultlc  Inward  the  west  a  eraek  appears  Id  this  anticlinal  and  soon 

«  inlo  the  wdl-nuirked  fault  of  Pix>r  Valley  ridge,  which  ia  approxi- 

f  puallcl  to  the  Stone  Mountain  fault  and  ilea  at  say  three  miles  S.  S. 

)n  has  been  actively  at  work  along  the  southerly  aide 

R  fliult  luid  bos  divided  Wallen'a  ridge  into  Poor  valley  ridge  and 

Wb  tUXfn,  Ihe  separallon  first  beowiing  diatinct  al  Cedar  gap.  aome- 

nre  than  a  mile  below  tlii!  mouth  of  the  Soutli  Fork  of  Powell  river. 

e  two  fault"  am  approvinialoly  parallel,  the  dips  are  the  same  in 

n  on  the  northern  aide  of  botli ;  but  nu  the  southerly  aide  of  tho 

V  Valley  Ridge  fault,  the  di|>s  are  almost  due  east,  sd  is  well  shown  at 

1  of  Turkey  cove.     Kutering  this  valley  frotn  the  north  by  way 

one  tinds  Ihe  structure  ri.-preavnioi:l  in  Fig.  1.    The  Clinton 

iiirth  side  of  the  fault  sl.riko  N.  70'  E.    The  Lower  Silurian 

n  Ibfr  opposite  aide,  which  huvo  been  shoved  into  closely  cuDiprt»sod 
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folds,  haTeatflrat  N.  N.  W.  iuidS.8.  E,  dipa  :  biit  wHIiin  «  very  short  Ou- 
Innra  the  dircfUon  cliitngcs  lo  N.  W.  niiil  S.  E.  ;  nod  llio  veering  toward 
ili«  easi  coutinma  tinlil,  on  tlie  side  of  Wullen's  liilgH.  the  giau  Trenion 
llmpsuinc  dips  at  N.  80"  E..  »ery  iniarlj-  ihc  mme-  as  llic  »irlk«r  of  Uic 
CImtun  rocks.  DiimnfUO  Lu  00  degi'eesare  common  enoughoulhuiturlbern 
side  of  the  fUali,  but  nn  tlic  soul.herly  side  they  seldom  exceed  10  dogrwB. 

The  fault  of  Poor  Valley  ridge  is  ovideDtly  a  cross  fkult.  It  mnlinuu 
inlo  Tennessee  and  ia  i^rosced  hy  Powell  river. 

The  Brgion.  beiirar.n  Watkn'$  Ridge  and  Olineh  liivtr. — Walkn's  ridge 
and  Powell  mountjiiii  are  •  me  in  sinicliiro -.  the  volleys  separatiag  tham 
are  monoclinnls ;  Bad  llic  licds  shown  nn  PowpII  mountain  readied  at 
one  lime  to  the  crest  of  Wnllcn's  ridgo.  or  lietter,  perhaps,  to  ihe  hult 
which  is  ilie  souiherly  line  of  il.e  Poor  Valley  ridge.  No  detailed 
examinBtioUH  were  made  heyond  Powell  moiintnin  ;  and  tbe  nntes  wen 
obtaltieit  only  while  passing  along  the  Estilville  road  from  the  head  of 
North  Pork  finp  to  Clinch  rircr.  Some  detnlU  roa peeling  the  cnndiiious 
exifititig  within  a  few  milts  riirther  oorlli-etigl  were  reocived  from  Qener*l 
Imboden.  who  hud  crossed  Powull  mountain  into  Ilanter's  valley. 

If  the  reader  wiil  consult  ilie  map  ucoompnnying  Prof.  Lesley's  memuir 
of  I8TS.  he  will  see  that  Powell  moimtaln  curves  somewhat  sharply  inwanl 
tlie  south-east  near  the  western  edge  of  Hie  map.  Tliis  Wnd  is  due  to  uro- 
sfott  by  a  hrancli  of  tlie  Bouth  Fork  of  Powell  river,  and  marks  no  ciiangu 
in  geological  structure.  A  similar  bend  occurs  at  the  North  Fork,  wUicU 
is  due  t»  erosion  liy  the  North  Pork  of  Cthicti  river. 

There  appears  to  be  a  general  uplifting  of  the  whole  area  sotiUi-weftwardt 
for  the  dips  grow  gentler  In  that  direction,  and  the  synclinal  betwcnt 
Wallen's  ridge  and  Clinch  river  seems  to  grow  shallower.  Th«  axis  of  ele- 
vation curves  toward  the  soulb-west  not  hr  beyond  the  North  Fork  g»f, 
and  ihe  dip  on  the  slope  of  Powell  mouulain  becomes  souUi-caat.  The  Car- 
boniferous rocks  do  not  extend  beyond  the  North  Fork  gap ;  and  theocv,  w 
ftir  as  was  exomined,  only  the  Upper  Sihirlon  rocks  are  shown  on  the  slop* 
o(  llic  ridge;  nothing  newer  than  the  Devonian  black  shules  b  present 
along  the  North  Pork  of  Clinch  river  after  it  leaves  the  gap.  Possibly  llui 
alieence  of  the  later  rocks  may  bo  due  in  large  measure  to  erosion.  Tba 
Carboniferous  rocks  are  well  shown  on  the  nonh.eastern  fidi?  of  the  pan 
until  within  two  or  three  miles  of  the  Clinch  river.  The  axis  of  itio  syn- 
dlnnl  was  not  observed.  Tlie  Lower  Slltirlan  limestone  was  n-nched  again 
on  Stock  creek,  a  tribuUry  of  Clinch,  which  within  a  mile  of  Its  ronutli 
passes  under  u  bill  through  a  large  tunnel  excavated  in  the  Trenion  lime- 

This  tunnel  is  properly  retiarded  as  a  natural  wonder.  It«  appnwcbea 
are  imposing,  and  the  cliff  of  llmeslone.  overhanging  its  monih.  U 
more  than  4.51)  feet  high.  A  railway  route  was  once  surveyed  lliroi^ll 
this  tunnel,  hut  the  lino  was  condemned  as  dangerous,  since  huge  bludlDi  of 
the  limestone  frequently  fall  from  the  overhanging  elift 
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Dkairaob  AltD  Enoflios. 

Twro  fiirtis  of  Powell  river.  Pigeon  niul  Rnarlng,  risa  on  Ibo  southern 
w^  of  BWk  luoiliitniii  aiiJ  iiaitv  Ht  tUi^  Iil'iuI  or  Big  Stone  pk|\  liy  wlilcii 
Utc  n-sulliog  slrmin  cmswa  tlie  Siniio  Mounlain  fniill.  The  Soiitli  Pork  at 
P-'Well  ri?er  risw  ai  tin-  foot  of  Powell  mountab  near  Little  SUib 
•.viv<>e  triliiitkrica  fVimi  llie  north  side  of  Hint  mountain  m  well  ax  rnmi  thu 
"•Ilcj  lietwcen  it  and  WsHen's  ridgo ;  iuul,  «ftcr  crowing  the  fauli 
I'f  Poor  volley  ridge,  by  n  slinllow  gap,  Joins  tlin  rlrer  at  alioui  n 
""llw  klow  Big  8Utoe  gai>.  Powell  Mountain  river  flows 
8l'»ti*  mountain  and  Poor  Vnltej  ridgo,  Ibr  say  RTwen  miles,  to  opposite 
P*»»ningtOD'»  gup,  where  It  receives  Hio  Noi'th  Pork.  Thiit  slrcsni  rises  oi 
"'f  slot*  of  BInrk  inounlaln  and  flowB  aeniss  the  Stone  MuiiDtitln  fnult  by 
**>"  of  Pennlngion's  gap.  The  main  ri»cr,  Ihiis  increikscil.  flovra  unith- 
*kt-i]|j'  for  a  tittle  distanre.  and  then  i:nH8as  the  ball  of  Poor  Valley  ridgt. 
T*lic  North  Fork  of  Ciincli  river  rises  In  ilia  valley  between  Willen's 
^'1k<?  atid  Powell  uiountain,  nnd  la  sepitnited  by  a  low  divide  ut  its  huiid 
frun  Wildcat  i-renk,  a  trihntary  U>  the  Soiiih  Fork  of  Powell  r 
a.JbM.-«aIungti  m-iDuclinal  vnlluy  to  Itm  North  Fork  gup,  which  isac 

''^n  M  8lcmp'6  gap,  whom  it  turns  toward  the  siHitli-osaL  Within  three 
~  r  irilles.  Its  eourse  is  agiiin  clian^eil  und  rhu  stream  once  more  flows 
*tk-weslwDrdly,  fVillowing  the  foot  of  Powell  mountain  in  a  monoclinal 

**«'»ek  crw'k.  another  lribut«ry  to  Clinch  river,  rises  in  Hnnlcr  valley, 
mur^  along  the  synclinal  for  several  miles,  then  turns  anil  Rows  up 
""'  «lip  la  CUneb  river.  Clinch  river  itself  rises  far  to  the  ensi  of  the 
''B'«:>»ieiamine<l  by  mc,  and  Hows  for  a  long  distance  near  the  line  of  llio 
™or»  «>  Muantnin  fault,  which  it  crmws  and  rwrusses  ;  but,  at  several  miles 
**"  '^om  the  I.iitlH  Stone  gap,  its  course  is  changt-d,  and  the  river  for  a 
*liiS«^  DnwB  with  the  dip  ;  but  Ibe  course  is  again  ehangi-d,  and  the  direc- 
"""  *ierome»rery  nearly  thai  of  the  strike. 
''■  Is  SKlHfiently  eiwir  tlial  the  gtt|«  through  Hiuiie  mountain  and  Poctr 
*'**- J  riilge  do  not  owe  [imlr  origin  to  any  convulsion  of  naluriv  The 
«n*  ««  fli  the  limi^ioDe  and  the  conglomerate  acroas  Big  Stonu  gap  is  jWr- 
""".i^  true,  and  no  ovldrne*  of  a  cross-fanll  or  fhielnrc  is  apjinreni  llicrc  or 
in  tl«^  (,^[  (IpI^  Idjhind  the  mountain.  The  absence  of  fracture  is  even 
■""■^^  »p[iBrrnt  in  Pennington's  gap  Ihtoiigh  Stone  mountikin  ;  for  this  giip 
'■  ■  *-<srtuouB  passage' way  with  bold  elifls  of  (ho  vortical  ounglomernle  lieds 
Vroi««s»^ing  from  Iwlh  sides.  These  eliffs  aflord  ample  evidence  that  erosion. 
tim  c^^sQvnlsion,  phMluee)!  the  gap.  The  same  condition  is  seen  in  the  gap 
•^  "^^  Ijieh  the  South  Fork  of  Powell  crosses  Wallen's  ridgn  or  the  Poor 
%an«-^  rklge  fuull.  The  North  Fork  gap  in  Powell  UKiuniain  Is  as  dis- 
llnrt.1^.  due  to  frosiim  us  is  the  monoclinal  valley  along  wliteh  the  stream 
""*••  iU)ore  the  gap,  or  llie  tunnel  by  which  Stuck  creek  flows  through  a 
bill  »i«arC'liod.  river. 
'^  'nay  bii  Malt-d  p<«iilvely  thai  not  nna  of  the  numerous  ;ni|w  by  n|jii-h 
i:  aiiKH.  riiiUM.  .-UK-.  MX.  107.  s.   pnixTEooniiuEiij:,  ifSo. 
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iiigps  Mlilbits  Ihc  lidntcnt 


strenma  cross  tlic  Be\-ertt)  faults  and  niountAlti 
tnr.c  of  Biiy  PW^B-frnclura  in  the  rocks, 

Ai  tlrei  glunw,  HUH  inlglil  be  inclitixd  to  supix'sv  ttmt  ilio  Taulu  have  ii 
Hucntvd  tha  dircclion  of  drninngi!.  A  dn^p  vhIIcj  Iibs  liei^n  ujccaviiud 
niriiig  ihe  from  cif  Stone  roountaiu  ;  anoilnT,  diggiKl  <mi  of  ilir  caotDrlod 
limestone  nndslinit! of  tlio  Lower  Silurian,  follows  the  fault  «r  Poor  Vallejr 
rldgi" ;  the  Wfsl  Fork  of  8lon*  ciwtk.  a  hreoch  of  Clincli  river,  I 
for  itself  a  brond  vnlluy  near  tlie  Stunc  MounUin  (Hull  ensl  from  that  ot  Iba 
SouUi  Pork  of  Powell  riviT,  Tlicuo  valleys  arrest  oi 
iind  Ihey  lie  very  ncRr  the  liaes  of  fnult. 

But  rallejs  of  lugunl  importnnce  nre  found  where  no  Giult  enblii  t4i direct 
their  (umrw  or  exlPDt.  The  monofliniU  valley  Uiween  Wullen's  rldgoM 
Powell  UKiIintiilii  above  tlio  Nonli  Fork  gap  in  wt  lirotul  us  Ihc  Turkey 
i-ova  iKlwc-n  Wnllen's  ridje  und  Poor  ViUoy  ridge ;  Wiillen'B  vullirjr,  Ims- 
ttrcen  Wnllen's  ridge  and  Powell  Uionntain  beyonil  the  North  Fork  ga]K 
is  n  monocllnni.  iind  is  ona  of  Ilic  flnt-st  vntleyaiu  South wusl  Nlrginin  ;  tlis 
lirond  vnlU-y,  followed  by  the  Nortb  Fork  of  Clineh  after  it  leaves  iha 
Nortli  Fork  gup,  is  fur  rumoved  fkuni  nny  line  of  faulting.  Hnd  IW  not  br 
tram  the  axis  of  the  synclinal. 

Erosion  along  tlio  iind  of  ilio  Stone  Muaniuin  ianit  is  ini'^rrapteU,  oi 
the  valley  is  far  from  iwiniC  con  tin  none ;  a  well  miirkcd  divide  HcpttrNlaq^ 
tliH  South  Fork  fY-om  Powell  river  and  a  liold  dlvlilo  Eepiirat«9  the  SoHlIt; 
Fork  of  Powell  from  the  Wi-st  Fork  of  Stonn  crpek.  The  ('oiidlUon  bBlml- 
lar  lo  tlisl  in  llie  valley  between  Wallon's  ririgo  and  Powell  niount^n  ;  ftji 
n  low  Livide  intervenes  between  Wildcat  creek  and  llie  North  Fuik  A 
Clinch,  while  a  high  divide  8er>firft(es  the  UilHr  stniain  tVoni  Wattwi'i 
creek,  which  flows  along  Wullcn's  valley. 

The  cnnditinna  in  the  immediate  vicinity  of  the  faulted  lines  appear  U 
differ  in  no  essentiut  featuj'e  from  those  observed  iii  less  disttirbed  lootU 
tirs.     It  tg  evident : 

Fimt.  That  the  course  of  the  streams  has  not  l)een  deturniined  by  tbi 
lines  of  (knit. 

esaentinlly  the  BMoe  ii 
a  fault*  oxin. 

At  the  Mine  time  one  may  not  ignore  tlic  fact  tlial  the  thulta  h:ive  dnn 
mneli  tn  liiist«n  erosion  along  their  lines  na  well  as  along  the  Qnea  of 
streams  lielonging  to  the  drainajje  system  ot  Powell  river,  altliough  o 
may  lie  Inclined  to  cxaggcrtite  the  extent  of  this  Inflaence  by  titrgQ 
that  thai  drainage  system  is  the  im|>uriani  <> 
while  only  a  frft^ment  of  the  Clinch  river  system  falls  within  llir  arm. 

Tlierc  musi  have  l*en  drainage  tiefore  the  faults  existed.    Evidently  ttu 
rocks  were  more  or  lens  Ooxcd  previoitsly ;  for  The  dips  in  Wallen'a  t1 
and  Powell  mountain  are  almist  due  east,  wherena  thosii  on  the  northv 
side  of  the  IHulli'  are  north-west  in  nnith- north  west,     Tl  Rccmfi  nol  nrllott) 
inijiriiluilik'  that  the  Faults  are  of  later  date  than  the  dislorlMLJici'  which  pru- 


Sfcondlff.  TliHt  erosion  along  the  faulted  linee  is 
eharncter  and  e.itent  with  that  In  liKulilles  <?bere  u 
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doevd  tli«  companlivoly  iPDlle  synclitiul  between  Walluu'n  riilgc  nnd  the 
CHticIi  river. 

Tlw  rAiillhiL*  pmci^M  ivtt8  not  Hljriipl :  IhuiigU  n  ccolngist  might  Ibink  It 
w,  l<ir  lit  lilm  It  Ihriiinuiil  jeore  ie  lUurally  ns  oiie  Uny,  and  tli«  whole  of  lUe 
hittocjcnl  pcriwl  i«  insigoificiinl.  But  litis  pnjcess  of  elevktlon.  rrAcinre 
Mill  iKternl  dlspliwenieRL  n-qairert  a  viiet  leiigtb  of  time.  Tlie  corrasive 
(orct  of  IliF  nreama  must  liave  deepened  lUc  chnnnel-wnys  as  npUlly  Ma 
Urn  rnoks  were  niseil.  IL  ia  quilu  possilile  tUat  Ibe  present  sj'slcn)  (irdmin- 
*ge  Ik  u  old  aa  Carhnnifnrniig  tim(«,  and  tlint  llio  disturbance  producing 
^^^  &ulta  led  to  I'ompHruUvely  liUle  ohunge  in  Its  din 


Slated  Meeting,  September  17, 1880. 

Preeent,  4  members. 

President,  Mr.  Fraley,  in  the  Chair. 


Letters  of  ncknowledenient  were  received  from  the  Phyai- 
cal    Societj  in    Berliii/jaii.   2,    1880   (102,    103,  XV,  ii); 
■AStntinninical  Society  at  Lei[>9is,  Aug.  20  (104,  105);  Asao- 
ciaticin  for  National  Science  in  Wiirtenibtirg,  April  80  (102, 
lOS,    XV,  i,  ii) ;  Agricnitural  and  Historical  Society  at   Ly- 
«».     March  10  (1  to  16,  18  to  20,  22,  24,  25,  27.  28,  32.  33, 
8Stofi2,  B5to  90,  98);  Royal  Academy,  Amsterdam,  Oet. 
S4.    1879  (102,  103);  Massachusetts   Historical   Society,  30 
Trernont  Street.  Boston,  Aug.  12,  1880  (106,  List) ;  Public 
Library,  New   Bedford,  Sep.  1  (106,   List);    Yale  College, 
Aag.  26  (106,  List) ;  trnivereity  of  the  City  of  New  York, 
S«p.  1  (106,  List);  Aator  Library,  Sep.  13  {106,  List);  Re- 
gftnta  of  N.  Y.  Univeraity,  Albany,  Sep.  3  (106,  List);  N. 
"V. Historical  Society,  Aug.  23  (106,  List);  Penn.  Histori- 
cal E^ociety,  Sep.  7  fl06,  List);  Maryland  Historical  Society, 
Sep.  6  (106.  List);  U.  S.  Coast  Survey,  Washington,  1).  C, 
Aon.  21  (106,  List);  Chicago  Historical  Society,  Aug.  28 
tl'W.  Li«t). 

Lt'tttiH  of  envoy  were  received  from  the  Geological  Sur- 
vey nf  India  dated  Geological  Survey  Office,  Calcutta,  March 
18. 1880,  signed  H.  B.  Medlicott,  Supt. ;  L'Academie  Roy- 
aJo  do«  scieuces.  lettres  ct  arts  de  Modene,  dated  July  31, 
l^flO;  Gt-ologis^'h-botiiiiiscbc  gesellsclmft,  Wien,  I.   Herrcn- 
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gsBse,  LaTi(]Iiaus;  Ebnigliche  Saclisiclie  gesellschaft  cl. 
Lei]«ig,  March  1,  and  April  27, 1880;  Pliysicalisclie  geaal 
sehaft  zu  Berlin,  Jan.  1,  1^80;  L'Aoadeaiie  royals  da 
soientes  i  A  ms  ten  lam,  Jan.  31,  1880;  and  Verein  flirNatttl 
wissenschaft  zn  Braunschweig,  Ang.  23,  1880.  (All  Chroag 
the  Smithsonian  Institution.) 

rtoiiations  for  the  Library  were  received  from  the  Geolog 
cal  Survey  of  India  [Vols.  I  to  XV[I  of  Mrmoirs  (except 
i,  IT,  it.  out  of  print) ;  Series  II  to  XII  [  of  PaUeorttologim  J 
//im  (Ser.  I  and  II,  v,  out  of  print) ;  and  Vols.  I  to  Xttl, 
of  Rrcords] ;  Geologiiml  Survey  of  Victoria  ;  R.  Soi'icty  ( 
Tasmania;  Imi>erial  Academy  at  St.  Petersburg;  Impcri 
Academy,  Anthropological  Society,  and  Geological  Institat 
at  Vienna;  Imperial  Academy,  German  Geological  SocietJ 
Physical  Society,  and  Zeitsclirift  f.  d.  ges.  Nat.  at  Berlin 
Royal  Saxon  Society,  Observatory,  and  Zool,  Atizeiger  l 
Leipeig;  Verein  f.  Nat  at  Braunschweig;  Verein  f.  T.  Na 
at  Stuttgart;  Neues  Lau,  Mag,  at  Gorlitz;  M.  Prof.  Ret» 
viers  at  Lausatnie:  Royal  Academy  of  Lynxes  at  Rome 
Society  d' Agricu Iture,  &c.,  and  MM.  A.  Falsan  and  E.  Chai 
trc  at  Lyons;  Anthropological  Society,  Museum  of  Natun 
History,  Aunales  des  Mines,  and  Revue  Politique,  at  ParU 
Linnean  Society,  and  Com.-tieological  .So<'iety.  at  Bordeaux 
Royal  Belgian  Academy  ;  Royal  Academy  at  .\uisterdam 
Victoria  Institute,  R,  Astronomical,  Meti'orntogical, 
Geographical,  Geological,  Zoological,  R  Asiatic,  aud  Sncio^ 
of  Antiquaries,  and  London  Nature;  Geological  Survey  ( 
Canada;  Museum  of  Comparative  Zoolog)-,  at  Cambrid; 
Mass. ;  Professor  Ed.  Pickering;  Pmf.  Asaph  Hall;  AniM 
icaii  Journal  of  Science,  Prof.  Jonathan  Edwards,  No' 
Haven ;  Mercantile  Library  Ass.  N.  York  ;  Franklin  Inst 
tuto,  Journ.  Pharmacy,  Mei^l,  News,  Dr.  B,  H.  Raot 
Philadelphia;  Journal  of  Mjilhemutics.  Baltimore;  Siuttl 
sonian  Institution,  Geogniphioul  Sur\-ey  of  tlie  Tcrritoria 
'Clii«fof  Engineers,  SurgtKin  General's  Office,  and  NatiODI 
Moseara,  at  Washington;  S.  \V.  Buruham  of  Ctlio^ 
MiGsouri  nistorical  Socioty ;  Geographical  and  Statistic 
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Society;  Revista  Scientifica ;  Ministerio  de  Fomento,  and 
Meteorological  Observatory  of  Mexico. 

The  following  record  was  read  from  a  letter  from  Mr. 
John  Biddle,  dated  1344  Pine  Street,  Sept.  8,  1880,  for  cor- 
recting the  Society's  List  of  Members. 

James  Biddle,  eldest  child  of  Wm.  Biddle  and  Mary 
Scull,  and  brother  of  Edward  Biddle  (member  of  the  first 
Colonial  Congress);  also  of  Nicholas  Biddle  (commander  of 
the  Colonial  frigate  "  The  Randolph  ");  also  of  Charles  Bid- 
die  (member of  the  Supreme  Court);  was  born  Feb.  18, 1731 ; 
married  Miss  Frances  Marks,  June  30, 1753 ;  died  June  14, 
1797.  He  was  elected  Prothonotary  of  the  County  of  Phila- 
delphia, Nov.  13,  1788,  and  appointed  Judge  C.  P.  for  the 
County,  Nov.  25,  1788. 

The  death  of  the  Rev.  Professor  E.  B.  Andrews  at  Lan- 
caster, Ohio,  Aug.  21,  1880,  in  the  60th  year  of  his  age,  was 
announced  by  the  Secretary. 

The  death  of  Professor  Samuel  S.  Haldeman,  at  Chicques, 

Lancaster  county,  Sep.  10, 1880,  aged  68,  was  announced  by 

the  President,  and  on  motion  of  Dr.  LeConte,  Dr.  D.  Gr. 

Briuton  was  appointed  to  prepare  an  obituary  notice  of  the 

deceased.     Dr.  LeConte  in  making  this  motion  said : 

He  was  an  accurate  observer  and  a  close  student  of  nature  during  the 

earlier  part  of  his  life,  which  he  gave  to  Zoology.     Afterwards,  when,  by 

the  failure  of  his  eyesight,  the  minute  inspection  of  specimens  necessary  to 

iDrogrefts  in  any  branch  of  Biology  became  no  longer  possible,  he  devoted 

Xiimself  to  Linguistics  and  Archa;ology. 

It  may  be  here  observed,  that  the  correctness  in  observation  and  the 
logical  accuracy  in  reasoning  which  in  these  days  are  the  special  character- 
laities  of  biological  and  physical  research,  and  which  he  had  acquired  by 
zoological  studies,  were  in  the  change  of  pursuits  of  great  benefit. 
He  carried  into  his  new  studies  all  the  mental  advantages  whicli  he  had 
viously  obtained  from  his  varied  investigations  in  Natural  History. 
he  relations  of  articulate  sounds,  the  changes  in  sonance  <<f  words,  their 
rowth  and  complication  by  affixes  and  suffixes,  were  all  studied  in  refer- 
to  tlie  mechanism  of  the  vo<*al  organs,  and  the  results  educed  were 
"^  vaced  to  the  combination  of  those  organs  with  tlie  directing  power  of  the 
"^raln,  for  the  expression  of  intelligent  language.  But  in  regard  to  the 
inutile  of  his  contributions  to  this  bninch  of  scienct*,  I  know  but  little, 
nd  am  not  qualified  to  speak.  I  know  only  of  his  successes,  with  which 
11  his  friends  sympathized,  and  of  which  the  nation  has  reason  to  be  proud. 
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In  fine,  he  was  an  example  of  those  rare  individuals  who,  inspired  by  a 
true  love  of  knowledge,  pursue  it  according  to  their  ability,  without  think- 
ing of  pecuniary  reward  or  personal  approbation.  8uch  are  the  men  who 
turnish  the  germs  for  future  advancement  in  the  realms  of  thought.  Happy 
are  those  who  are  able  to  number  them  among  their  friends. 

A  coramunication  was  presented,  entitled  ''Notes  on  the 
Cumberland  or  Potomac  Coal  Basin,*  by  Howard  Grant 
Jones,  M.  S." 

Mr.  Lesley  drew  attention  to  a  remarkable  feature  of  the  section  accom- 
panying ihis  paper,  according  to  which  both  the  Mountain  limestone  and 
the  Mauch  Chunk  red  shale  formations  are  duplicated,  and  that  upon  a 
grand  scale  ;  the  Upper  red  shale  being  375  feet  thick  ;  the  Upper  limestone 
801'  (followed  by  70'  of  gray  shale);  the  Lower  red  shale  2000';  and  the 
Lower  limestone  475'  (underlaid  by  shale,  flints  and  iron  ore,  80)');  making 
the  total  apparent  thickness  of  N,  XI  (counting  in  200'  of  green  shales 
over  the  Upper  red  shale)  between  3700'  and  3800',  a  thickness  even 
greater  than  at  Pottsville  in  Schuylkill  county,  Pa.  The  duplication  of  the 
limestone  formation  in  the  column  ought  to  have  an  important  bearing 
upon  the  sub  division  of  the  sub-carboniferous  limestone  group  in  the 
Western  States.  It  may  help  to  explain  some  of  the  prevailing  confusion 
respecting  the  limestones  exposed  at  apparently  different  horizons  in 
Northern  Pennsylvania. 

Mr.  Lesley  proposed  another  Greco-Egyptian  etymology, 
viz  :  /6tx/o?  from  [Ilor-m-]  a/u,  the  Sphinx  name  of  the  Solar 
disc  on  the  horizon. 

He  remarked  that  lar/itq  was  the  well-known  Sun-god  of  the  Eleusinian 
Mysteries,  represented  as  suckled  by  Ceres  ;  as  Horus  is  frequently  repre-- 
senled  in  the  act  of  suckiuj^  the  breast  of  Isis.     The  torch-flinging  perform- 
ance along  the  road  from  Athens  to  Eleusis  represented  no  doubt  the  west — 
ward  progress  of  the  morning  li.^ht. 

Ceres  was  the  mother  of  mystery,  the  darkness  out  of  which  the  Sun  \\ 
born,  and  the  underground  concealment  out  of  which  all  vegetable  life 
springs  forth.  Her  name  must  be  connected  with  the  mystical  Celtic  word- 
Cixr,  the  root  of  so  large  a  mythical  nomenclature  ;  tiie  equivalent  of  the^^ 
full  oriental  form  Cabar  (or  Gabifl),  and  the  key  to  the  later  Cabala.  Hun —  ^ 
dreds  of  geogniphical  names  like  Corinth,  Carintliia,  &c.,  embody  it  very^--^ 
plainly. 

The  destruction  of  lay.'/(t^  by  the  Titans,  as  well  as  their  destruction  by  ^^ 

Zeus,  are  myths  explainable  by  the  ul)strucli<m  of  the  Sun's  rays  by  moun • 

tains,  and  the  victory  of  ihe  Sun  at  the  zenith.     The  part  played  by  moun-  —  * 
tains  in  Solar  niylholoiry  is  shown   by  the  ideoirniph  of  the  name  of  the 
Sphinx,  llor-m-aiu  ;  and  is  illustrated  by  the  mornini?  admiration  of  trav- 
elers on  the  Nile.     It  is  much  better  to  seek  for  the  primitive  ideas  among 
tlie  every -day  phenomena  of  naiure,  than  among  the  iwetical  and  metaphysi- 
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cal  inventioDS  of  later  and  more  intellectual  ages,  when  the  victory  of  truth 
over  error  replaced  that  of  day  over  night  in  the  language  of  the  initiated. 
We  must  come  down  to  the  classic  age  of  the  XIX  dynastj  before  this 
s]iiritualizing  process  of  tlve  poets  of  the  priesthood  becomes  well  authenti- 
cated. 

The  connection  of  Ormuzd,  Horus  and  the  Shemitic  aur,  light,  is  evi- 
dent ;  but  the  relationships  of  lux,  fax,  and  ox  (oculus,  w</')  and  of  lux  with 
fievA  ruere,  and  otfax  with  laxyn:;  will  also  repay  an  effort  at  develop- 
ment. 

The  President  reported  that  he  had  received  a  letter  from 
Drexel,  Harjes  &  Co.,  of  Paris,  advising  that  the  sheet  allowed 
for  the  receipts  of  interest  on  the  3  per  cent.  French  Rentes, 
belonging  to  the  Michaux  Legacy  had  been  filled  np.  The 
rules  of  the  French  Treasury  require  that  a  new  sheet  and 
inscription  shall  be  made  in  the  name  of  the  Society.  They 
forwarded  the  proper  petition  to  the  Minister  of  Finance  for 
that  purpose  which  has  been  duly  signed  by  the  President 
and  Treasurer  in  the  presence  of  the  French  Vice-Consul  at 
Philadelphia,  and  the  same  duly  and  officially  certified  by 
him  as  required  by  the  laws  of  France,  and  such  petition 
has  been  sent  to  Messrs.  Drexel,  Harjes  &  Co.,  at  Paris. 

And  the  meeting  was  adjourned. 


Notes  on  the  Cumberland  or  Potomac   Coal  Basin.     By  Howard  Grant 

JoneSy  M.  S. 

{Read  before  the  American  Philosophical  Society,  September  17,  1880.) 

This  field  is  a  long  triangular  territory  of  about  sixty  miles  in  length, 
lying  along  the  outside  or  eastern  edge  of  the  great  Alleghany  uplift,  and 
is  situated  in  Somerset  county  of  Pennsylvania,  Alleghany  county,  Mary- 
land, and  Mineral  county.  West  Virginia.  Although  considered  a  spur, 
the  basin  is  rather  an  overlapping  of  the  Coal  strata  to  the  eastward  ot  the 
Allcghanian  fold  which  demarcates  the  celebrated  Coal  fields  of  those 
States.  It  is  with  Broad  Top  and  an  unexplored  basin  in  Alleghany  county 
(New  River)  the  only  deposits  beyond  this  line.  On  leaving  Pennsyl- 
vania this  persistent  anticlinal  becomes  "Savage  Mountains,"  which  bend 
south  west  towards  a  geological  center  at  Union,  in  Maryland,  where  are 
pinned  together  the  southern  extremities  of  the  several  basins  of  Maryland 
and  Pennsylvania  lying  parallel  to  the  Alleghanies.  The  Coal  stnita  here 
flow  over  Savage  mountain  into  the  Potomac  basin,  virtually  terminating 
this  range  in  the  general  elevation.     The  name  and  bold  characteristics  of 
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the  Allegbani^B ur«  here,  however,  mkea  up  byn  n-opn  nfmiMtUMia  Atteta- 
miles  to  t,1ie  easlward,  funniag  tlie  Imnler  at  the  RviA  <  Ddvib  nluLmliUB  vl' 
Mur^lnnd,  anA  From  Hdge  ot  Vii'giiiia).  Union  h  it  poini  si(.iui:od  ns  th* 
great  swell  or  uplift  ia  nunbern  WmI  Virt^in  iwiolDtl  out  by  ProA«*ar 
Rogere. 

Tbu  rocks  of  Savage  moiinlaln  itre  coraposed  of  the  >luiicti  Chunk  R«di. 
Sh)ilBB  and  Limecrtuues  (XI)  anrt  tlie  overlying  Conglomcntlc  (XIO-  Tba;^ 
fold  under  the  Held  with  n  dip  »f  rroiii  10'  to  SO',  and  Hue  up  >K«ln  itt' 
Davis  moiinluin,  Hve  miles  lH.-yi>nil,  with  ii  reverse  dip  consldErabljri 
siren ([theued.  There  U  a  lino  ol'upthiow  iyiiiKeiuit '>rilio  basil 
along  Uie  outlying  rtid  shale  vulley,  cuni|K«cd  of  llto  lower  HraustaoaiL  ttw' 
flint  and  the  hard  sandelones  orX  and  IX  (Pi>cono  and  Caiskill). 

Wdin'  Creek  momiUin  nl  the  norlhern  end  of  the  Inurin,  is  IhuikM  tf 
ilie  uplilted  Pocodo  sHndsionc  and  crnwned  by  tlie  same,  as  it  reiurns 
(lips  down  the  east  flunk,  on  lis  way  under  the  town  uC  Cumbvrbuid. 
carries  here  on  lla  Inxck  the  overlying  slntes  and  flints,  iron  ore  sad  llmK 
slratH  or  SI.  A  raDge  ofliltle  luoundn  dulled  ulung  between  LhebaaiOAnd 
thin  mountain  nap:  sIiuwei  the  harder  limestones  on  edge.  In  Welb' 
PsM,  iioder  Ihe  curve  or  aoiiclinal  of  ilie  Pocoiiu  Mndnioue.  is 
the  red  snndsloiie  of  IX.  tlioush  iiulchly  returning. 

Knobby  range,  riiriher  lo  ibo  »oulli,  towardu  Pledmoni,  jirobably  oarriM< 
the  Oreal  While  SanA  (X),  sinee  M  Ki-yter  We  find  the  lower  llme«ti>iiea 
oflhe  rcdshaleaaiid  the  underlying  flinta  uplurnini;  easi  of  Ihe  tawnfttld 
the  New  Creek  ridge,  and  Jusl  west  of  Uie  range.  The  Hauch  Chunk 
shales  (XT)  show  on  the  Potomac,  near  Eeysor,  dipping  45°  U>  ihe  nnnh- 

The  accompanying  section  hoB  been  made  nt  different  points  on  Ooorgc'i. 
creek,  from   Barton  lo  Picilmonl  and  mn  Poluniac  to  Keyser.     It  inclndea 
the  Coal  Measures,  /rom  a  seam  400  feet  below  the  Pittsburg  Coal ;  poailblf 
the  Conglnmerale  Series :  Ihe  duplicate  beds  of  red  shale  and  lioieslunw  t* 
the  Great  While  or  Pircono  tandelone.     The  iniervcjn  slrala  10  Uio  Qmt 
Bed  has  already  been  publisbed  In  Tyson  Section,  PInle  VI,  Report  UHB.' 
The  Lower  Barren  gruu^f  of  coals  are  here  dislincily  shown  wlUi  tbelr 
fossil  limestones  and  sandstonw,  down  lo  Ihe  Mahoning  SS.     FuUDded 
Ihe  exisleuce  of  the  underlying  Penfferous  limcslune  at  Stony  riv«r,  FnC 
J.  P.  Lesley  some  time  ago  identilltMl  the  Upper  Blooniington  or  irix  f 
coal  of  this  liosin  as  the  lower  KSllnning  seam.     This  Is  now  proved  bjr 
discovery  of  the  fire*clay  and  llniestuncB  <in  theBnllimure  and  Ohia  R.  B.* 
and  the  lower  iron  and  clay  deposits  to  the  Piedmont  ISS. 

The  unveiling  nt  the  Conglnmerale  scries  o[  sandstoues  is  iiupurtuA 
showing  d  total  IhickuesB  of  SHU  feet,  from  the  Piedmont  sandaiuna  dl 
to  the  lowest  bed  of  coal.     This  eerii-B  has  its  coal  ileiiosiis  iliruogh  ha 
lire  IhicknMa,  though  ool  largely  devel(>|M-d,     But   at  leoiit  ODO  worl 
large  seam  has  been  noic:!,  but  has  been  •■mltted  liocause  otlhe 
ofiu  proiwr  pusition. 

rver  or  t^Dniyimnlo,  B 
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M  exbteoce  of  n  green  shale  and  BaoilBtnne  deptwit  of  300  feet,  under- 
gllic  ConBloiiierato  Beries  and  carrying  ao  muleiiiuble  prinl  of  its  relii- 
u  lliB  Mmldi  Cliiink  slinle  in  the  recMiued  earlli  topping  it. 
Tilt  niiMt  noUccalile  feature  is  the  doubling  of  llie  rod  elink-  and  Ume- 
ttOEii^  dt'iHjsil  at  XI.  Tbcrc  art  two  di»1  In nt  aeries,  under  no  cimdiilon 
|"e«silily  lo  be  confounded  or  niisidoiitified.  TIjm  ujiperof  375  feet,  tvd 
•bn.t«  nud  biKk  (fuesil  i,  red  utiil  gruy  liiueatone  of  £CH1  fuel  underlying  ; 
ll.»?  Itiwer  ofaOOO  foel  red  Btrain  aud  -I.IU  fout  gray  liinesUme.  Bolli  series 
IjeiJig  liKiadiferous  in  ilic  upper  iiarl. 

.A.tiiji]icr  feature  1e  the  almle,  flint  and  iron  ore  deposit,  300  feut,  under- 
Ijin^  tlie  forogoini.'  groups  nod  se|ia rated  Ironi  the  rod  rocks  of  IX  by  the 
«nly  lieavy  sHndsione  (Pocono  SS.)  at  this  horizon.  It  is  a  pure,  bard, 
»licl  while  rwck. 

Sta^^n  of  Urala  frnm  LoKtr  Barrtn  Meatiire  to  Poeana  SandiUiru,  at 
/^■vml  on  Qtoi-gt'i  Crtek  and  the  Potomac  liintr,  We>t4rn  Uaryland  and 
V-m'rgfnia,  JuM,  1880. 
M'     Sandtilona.     See   l>iMe  of  Prof   Tyson's   Section,    Plate   VI,    Repi-rt 
n.  H.  U.,  Second  Geological  Survey,  Penna.     The  strata   ttom  this 
sandstone  to  Uie  PUtsliurg  aeain  and  hlgber  are  there  given. 
^    Shale.     Lower  three  feet  contains  Neuropluris,  Calamites.  Pecopterie. 
C"  Slate  BUnd  fine  gr..  containing  XeiiropterU  angiistifolla,  Loschii 
and  tenuifolk. 

5J"  Coat,  n-trnptkire  8«oin,..prohalily  same  aa  Coleman  bed  of  flomer- 
wt  Co..  Pa.  It  is  3'  8"  at  Button.  4'  10"  near  Piedmont,  5'  on  Savage 
k-iver  near  BliMmlngton,  %'  lU"  on  Bharplcaa  Hill,  ten  miles  to  the 
wttthwarrt.  It  is  proliably  the  "  Rock  Cual  "  of  Millcraburg,  Pa.  It 
B  cbamcleriu'd  hy  lK>lloin  slate,  shale  roof,  salniun- colored  asli  from 
««r  bed.  and  ferna.  It  ts  the  mostwidely  known  bed  in  the  basin  ex- 
wpt  thB  Six  foot  (Kiti.).  It  is  388  feet  below  Pittsbiir);  seam.  Barton  ; 
It  Moore'a  run,  847  feel  Hamiiehire  Co.,  Virginia,  workings  near 
i^edraonl.  It  runs  from  3.5%  ash  at  bottom  lo  15*  ash  at  top  of 
^*vA;  and  sulphur  in 
"*'  »'ir«^*lny  containing 
™'  Z-luuiBtone. 
'*'  8»mUt..ni-. 
«'  Shale. 
^***  8«nrf8Wne. 
^*  2"  CoaL  Bartlrtt't  Hiin 'f"m. 
"**  BUck  slate. 
*'_  «hale. 

U"  Piri'-clay.    Impure. 
"'  »■'  Sandstone. 
*■  Omy^halB. 

^'"i"  Msflnssbnln.     One  f<H>t  fosailifei 
'  Oa-U. 

U-  I'HIt.lW.  80C.  XIX.  i07. 
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5'  5"  Sandstone. 
5'  2"  Shale. 
1'6"  Coal 
l'|4"  Shale. 
5'  Fire-clay. 
5'         "  sandy. 

50'  Sandstone  pebbled,     Mahoning  S.  8.f    Not  identified  north  of  Frost- 
hurg.    At  Barton   and  below   it  is  a  hard,  fine-grain  halt-bedded 
pebbled  rock  of  40  feet.     At  Crooked  run,  12  miles  south  of  Piedmont, 
it  is  fully  pebbled.     On  Stony  river,  further  south  yet,  it  is  simply  a 
mass  of  agglutinated  pebbles  of  60  feet. 
5'  Shale. 
V  10"  Coal 
20'  Shale,  with  limestone  at  bottom.  * 

6'  Shale. 
4'  Sandstone. 
4'  Iron  ore,  clayey. 

5'  Fire-clay.     Free  from  balls  of  iron  and  plastic. 

5'  Coal    Bear's  Hollow  Coal,  Morrison's  seam.     Near  Barton  it  is  3' 4". 
At  Bloomington  it  is  5',  at  Piedmont  5'  0",  and  at  Sharpless'  Hill 
5' 2",  and  further  south  much  thicker.     It  is  characterized  by  hard 
nature  of  the  coal  and  its  fire-clay  roof  and   floor.     Contains  little 
pyrites  and  yields  5%  of  ash,  gray.    It  runs  about  40'  under  the  Ma- 
honing pebble  rock  above  and  175'  over  the  Upper  Bloomington  seam 
(Kittan.).     It  runs  200'  to  220'  under  the  Hampshire  Coal,  at  the  head 
of  section. 
10'  Fire-clay. 
10'  Sandstone. 
20'  Shales. 
2' 8"  Coal 
2'  Clay. 

15'  Sandy  shale. 
1'  Coal. 
10'  Fire-clay  and  shale.     Fire-clay  and  shale  containing  iron  ore  in  cent(^  :: 

of  bed. 
10'*  Hard  sandstone .     Reddish  color. 
10'  Black  slate. 
3'  Sandstone. 
30'  Shale.     Containing  marine  shells  and  a  reputed  coal. 
40'  Sandstone. 
10'  Shale  and  black  slate. 

5'  G"  Coal  Upper  Bloomington  scam.  Kittanning  Lower  Coal.  It~- 
probably  the  "Savage  "  seam  of  Millersburg.  At  Piedmont  it  is  5' 
at  Bloomington,  5'  ;  McCorbin's  hill,  7'  2"  ;  Kinkcr's  hill,  8'  3"  1^ 
Falls  St(my  river,  9'.  Characterized  north  of  Piedmont  by  mi*-^ 
slate,  calamite  tufts  in  roof  overlying  sandstone  and  fire-clay  flow. 
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lower  part  of  basin  by  heavy  top  slate  and  the  unusual  size  of  seam,  as 
above.     It  is  a  bright,  soft  coal,  yielding  7%  gray  ash  and  somewhat 
sulphury.     It  runs  from  70  to  90  feet  over  the  Piedmont  sandstone,  and 
750  to  800  feet  under  the  Pittsburg  seam. 
'  Clay  and  ore. 
'  Sandstone. 
8'  Limestone. 
12'  Sandstone. 
4'  10"  Coal, 
5'  Clay. 
4'  Shale. 
1'  Iron  ore. 

7'  Shale,  clay  and  sandstone. 

5'  Clay ,^  pure.     Fine  clay  bed.    It  is  probably  much  thicker  than  this 
within  the  mountains,  and  resembles  in  appearance  and  quality  the 
Mt.  Savage  clay  bed.     (See  below.) 
22'  Sandstone.     Sometimes  found  pebbled,  as  if  indicating  the  approach 
to  the  conglomerates. 
1'8"  Coal. 
10'  Fire-clay. 
80'  SandatoTie.    Piedmont  Sandstone, 

4"  Coal 
41'  Sandstone  and  shale. 
11'  Sandstone  pebbled. 
2'  6"  Coal 
12'  Shale. 
38'  Sandstone. 
2' 6"   Coal 
53'  Unknown,  shaly. 
38'  Sandstone. 
42'  Shale. 
1'  10"  Coal 
5'  Shale. 
4S^  Quartz  sandstone. 
l'to4'  Coal 

S^  Clay.     Mt.  Savage.     It  is  a  pure  shale  clay  of  great  standing  power. 
It  thickens  to  16  feet  at  places,  and  lies  in  rolls  or  pockets  in  a  softer 
and  semi-plastic  clay  lying  under  it.     It  contains  but  little  iron  or 
potash.    It  has  been  opened  at  Williams  station,  Somerset  Co.,  Pa., 
and  at  EUerslie,  Pa.,  also  near  Mt.  Savage,  and  is  found  cropping 
along  the  crest  of  the  mountain  on  each  rim  of  basin. 
4"  Slate. 
^'^  Coal 
OO^'"'  Sandstone  conglomerate,  with  vertical  split. 
15^    SUale. 
55^    ficindstone. 
«''   Coal 
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22 
85 

20 
1 
5 

20 
1 

14 
10 
75 
40 
50 
10 


Shale  interval. 

Sandstone. 

Thin  shaly  sandstone. 

♦  Coal. 
Black  slate. 
Sandstone. 

♦  Lowest  coal. 
Shale. 

Red  bluish  shale. 
Shale. 

Sandstone,  hard. 
Green  shale. 
Sandstone. 


Upper  Limestone  of  the 
Mauch  Chunk  shale,  same 
as  found  in  Youghioghany 
valley,  called  "Sang  KiM 
limestone.*' 


375'  Red  shale. 

40'  Fossil  limestone. 

28'  Green  shale  to  reddish. 

3'  Red  limestone. 

4'  Red  sandstone. 

86'  Red  limestone.    Not  fossiliferous. 
160'  Impure  and  interstratified  limestones  and 

sandstones. 

30'  Gray,  wavy  limestone,  showing  washings  or  waves  of  color  in  structure. 
20'  Undetermined. 
50'  Sandstone. 
2000'  Red  shales. 
440'  Limestone  strata,  fossiliferous  at  top ;  40  feet  pure  cement  limestones 

at  bottom. 
300'  Brown  shale  and  flints,  containing  iron  ore  beds  at  base. 
80'  to  100'  Pocono  sandstone. 

Besume. 

Lower  Barren  and  Sub  Lower  Coal  Measures 563  ft. 


Conglomerate  Measures XII. 

Green  Shale  and  Sandstone..  ^ 

Red  Shale  (Upper) 

Limestone  (Upper) 

Gray  Strata |. 

Red  Shale  (Lower) 

Limestone  (Lower) 

Shale  Flints  and  Iron  ore. . . 

Pocono  Sandstone X , 


XI 


560 
200 
375 
301 
70 
2000 
475 
300 
100 
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Stated  Meeting^  October  1,  1880. 

Present,  6  members. 

President,  Mr.  Fraley,  in  the  Chair. 

A  letter  accepting  membership  was  received  from  Prof. 
Ira  Remsen,  dated  Baltimore,  September,  24. 

Letters  of  acknowledgment  were  received  from  the 
Philosophical  Society,  Glasgow,  Sept.  11  (105) ;  Museum  of 
Comparative  Zoology,  Cambridge  (106);  and  Mr.  J.  H. 
Crane  Coffin,  Sept.  18, 1880,  Washington,  D.  C.  (106) 

A  letter  of  envoy  was  received  from  the  Royal  Observa- 
tory, Greenwich,  dated  Sept.  1, 1880. 

Donations  for  the  Library  were  received  from  the  Royal 
Academies  at  Berlin  and  Brussels;  the  Zoologischer 
Anzeiger;  Royal  Venetian  Institute;  Revue  Politique; 
London  Nature ;  Prof.  Richard  Owen  ;  Free  Public  Library, 
New  Bedford  ;  American  Chemical  Society ;  Prof.  E.  D. 
Cope;  U.  S.  Bureau  of  Education,  and  the  Kansas  Histori- 
cal Society. 

The  Secretary  reported  that  Dr.  Brinton  accepted  the 
appointment  to  prepare  an  obituary  notice  of  Prof.  S.  S. 
Haldeman. 

Mr.  Fraley  reported  that  the  address  in  memory  of  the 

late  President,  George  B.  Wood,  M.D.,  LL.D.,  prepared  at 

the  request  of  the  Society,  by  Dr.  Henry  Hartshorne,  would 

be  delivered  in  the  Hall  of  the  College  of  Physicians,  on 

Monday  evening,  Oct.  11,  at  8  o'clock. 

Pending  nominations,  Nos.  904, 909  to  919,  and  new  nomi- 
nation. No.  920  were  read,  and  the  meeting  was  adjourned. 


Special  Meeting^  October  11,  1880. 

(In  the  Hall  of  the  College  of  Physicians.) 

President,  Mr.  Fraley,  in  the  Chair. 

-After  an  introduction  by  the  President,  Dr.  Hartshorne 
t-essed  the  members  and  invited  guests  of  the  College  of 
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Physicians,  the  Trustees  and  Faculties  of  the  University  of 
Pennsylvania,  Jefferson  Medical  College,  and  Woman's 
Medical  College  of  Philadelphia,  and  the  Managers  of  the 
Pennsylvania  Hospital,  and  Philadelphia  Dispensary,  as 
follows : 

Memoir  of  George  B.  Wood,  M.D.,   LL.D., 

By  Henry  Hartshorne,  A.M.,  M.D. 

{Read  before  the  American  Philosophical  Society,  October  11,  1880.) 

With  a  long  life,  not  much  varied  in  events,  nor 
brilliant  in  deeds  that  meet  the  public  eye.  Dr.  George 
B.  Wood  may  be  named  as  one  who,  in  the  main  fea- 
tures, and,  indeed,  in  almost  every  particular  of  his 
career,  has  left  an  example  worthy  of  admiration  and 
emulation.  It  will  be  acknowledged  by  the  least  en- 
thusiastic of  his  friends  and  associates,  that  he  was 
one  of  the  most  useful  men  of  his  generation. 

He  was  born  at  Greenwich,  in  New  Jersey,  in  the  year 
1797.  His  own  memoranda  of  his  ancestry  are  not  de- 
void of  historical  interest  in  connection  w^ith  the  early 
setdement  of  this  city,  as  well  as  that  of  our  neighbor- 
ing State.  It  appears  that  Richard  Wood,  a  member  of 
the  Society  of  Friends,  came  to  this  country  with 
William  Penn  in  1682,  brin^inqr  with  him  his  son 
James,  and  settled  in  the  northern  part  of  the  then 
new  cit)'  of  Philadelphia ;  where  Wood  street  proba- 
bly received  its  name  from  him.  There  is  reason  to 
believe  that  while  James  Wood  remained  in  the  city, 
another  younger  son  or  sons  of  Richard  Wood  went 
to    New   Jersey,  locating    themselves    in    Salem    and 
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Gloucester  counties:  Woodstown  and  Woodbury  being, 
in     all  probability,  nained  after  them. 

Farther  back,  in  Gloucester,  England,  traces  have 
been  found  of  the  family  annals,  through  the  Woods 
of     Brockrup  in  the  i6th.  and  of  Gobril  in  the  15th 
century,  to  a  still  earlier  period,  when  their  predeces- 
sors inhabited  for  many  successive  years  the  ancient 
Court-House   of  Gloucester;    now,    long    since,  con- 
verted into  a  farm.     Late  in  Dr.  Wood's  life,  he  was 
informed   of  the  decease  of  a  very  wealthy  banker, 
named  James  Wood,  in  Gloucester,  England,  without 
direct  heirs.     Legal  gentlemen  called  upon  Dr.  Wood, 
proposing  to  dispute  this  banker's  will,  in  his  favor,  as 
a  collateral  heir;  the  property  having  been  left  to  an 
alderman  named  Wood,  in  London.     While  declining 
this     proposition,    Dr.    Wood    remarked    upon    it   as 
follows  :     "  Had  the  existence  of  such  relations  been 
known    to    Mr.   Wood,    and    especially    had    accident 
'"'cnjght  us  into  close  intimacy  or  association,  it  is  not 
in!p>  t-obable  that  he  might  have  preferred  persons  of 
^'s   <:3wn  blood  as  the  heirs  of  his  fortune,  to  one  whose 
"113,^  claim  upon  him  was  the  name  of  Wood,  and  a 
^t^w     *lattering  attentions.'* 

T~-vro  sons  of  James  Wood  of  Philadelphia,  above 

nie'^»ioned,  early  in  the    18th  century  left  this  city  to 

5>ettLl^  If,  Southern  New  Jersey;   probably  under  the 

aus^i,^es  of  Thomas  Chalkley.  a  prominent  member 

ao'i    preacher  of  the  Society  of  Friends ;  who  contem-    ' 

Yi\a^eil  founding,  upon  the  banks  of  the  Cohansey  river. 
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a  great  city  which  might  rival  Philadelphia.  Before 
that  time,  as  early  as  1683,  ^he  same  design  had  been 
formed  by  John  Fenwick,  who  became  Proprietor  of 
West  New  Jersey  by  conveyance  from  Lord  Berkeley, 
successor  to  the  Duke  of  York,  afterwards  James  II., 
who  was  grantee  of  the  Crown.  Fenwick  left  a  will, 
directing  a  city  to  be  erected  near  the  Cohansey,  which 
he  willed  thereafter  to  be  called  Caesarian  river.  All 
that  followed  this  large  project,  however,  has  been  the 
growth  of  the  small  town  or  agricultural  village  of 
Greenwich. 

Dr.  Wood  kept  in  his  possession  a  deed,  signed  by 
the  agent  of  William  Penn,  who  acted  as  executor  of 
John  Fenwick.  conveying  a  lot  of  ground  forming  a 
part  of  his  Greenwich  farm. 

In  each  generation,  the  heads  of  this  family  in  New 
Jersey  have  been  men  of  consideration  and  local  dis- 
tinction. Richard  Wood,  the  father  of  the  subject  of 
this  memoir,  was  a  man  of  superior  mind  and  strong 
character,  much  respected  by  all  who  knew  him.  He 
was  described  by  an  acquaintance,  speaking  of  him  to 
Dr.  Wood,  as  **  a  prince  of  a  man."  He  married  twice. 
His  second  wife,  mother  of  George  Bacon  Wood,  was 
Elizabeth  Bacon,  of  Bacon's  Neck,  New  Jersey.  Of  the 
early  settlement  of  her  family  in  that  part  of  the  coun- 
try, evidence  is  preserved.  One  or  two  memoranda 
may  be  here  interesting:  "  1683,  June  25th,  Shank-a- 
'  num  and  Et-hoe,  Indians,  convey  to  John  Nichols,  of 
Nichols'  Hartford,  near  Cohansey,  100  acres  of  land, 
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part  of  the  tract  known  to  the  Indians  as  Cat-a-nun- 
gut,  adjoining  lands  of  Samuel  Bacon  and  others/' 

"  1685,  August  1 2th,  John  Nichols  and  wife  convey 
100  acres  of  land  to  John  Bacon  of  Cohansey/' 

George  B.  Wood  was  the  eldest  son  of  Richard  and 
Elizabeth  Bacon  Wood.  At  twelve  years  of  age,  his 
earnest  desire  for  a  liberal  education  was  gratified  by 
his  father  sending  him  to  school  in  New  York.  When 
sufficiently  prepared,  he  was  transferred  to  the  Univer- 
sity of  Pennsylvania,  where  he  was  graduated,  with 
honors,  in  181 5. 

Of  his  early  life  I  have  obtained  but  little  particular 
account,  beyond  what  is  preserved  in  his  own  manu- 
scripts. These  show  a  very  active  mind,  more  alive 
with  imagination  and  sentiment  than  would  have  been 
supposed  by  those  acquainted  only  with  his  later 
labors.  He  wrote,  between  181 3  and  1825,  many 
verses,  mostly  in  English,  some  in  Latin;  amongst 
the  former,  several  translations  from  the  German  of 
Schiller.  With  the  German  language,  as  well  as  the 
French  and  Italian,  he  acquired  considerable  familiarity ; 
v^hich  was  of  use  not  only  in  his  later  arduous  profes- 
sional studies,  but  also  in  his  very  diversified  general 
reading,  and  European  travel.  His  library  contained 
many  books  in  foreign  languages.  It  may  surprise  some 
who  have  known  him  as  a  most  industrious  student, 
and  the  author  of  ponderous  medical  works,  to  learn 
that  he  read  quite  a  large  number  of  novels ;  especial- 
ly during  his  summer  vacations.     More  remarkable 
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Still,  he  planned,  and  wrote  the  greater  part  of  a  novel 
of  his  own  ;  which  I  have  seen  in  manuscript.  It  was 
never  published. 

A-mongst  the  papers  above  referred  to  there  is,  under 
the  date  of  1814,  "An  Oration  spoken  before  the  Citi- 
zens of  Philadelphia,  on  the  Independence  of  the  United 
States/*  This  was  delivered  a  year  before  his  gradua- 
tion at  the  University.  In  the  year  181 7,  he  contri- 
buted to  Poulson's  American  Daily  Advertiser  a  very 
spirited  reply  to  an  aspersion  upon  the  Society  of 
Friends,  charging  its  members  with  a  want  of  charity 
outside  of  their  own  borders,  which  had  been  published 
in  the  Portfolio  of  that  day.  The  editor  of  the  latter 
periodical  replied,  withdrawing,  or  essentially  modify- 
ing, his  injurious  expressions. 

Upon  leaving  the  Collegiate  Department  of  the  Uni- 
versity, young  Wood  began  the  study  of  Medicine  as 
the  office  student  of  Dr.  Joseph  Parrish.  His  advan- 
tages there  were  decidedly  superior  ;  and  he  availed 
himself  of  them  so  well  as  to  become,  after  his  gradua- 
tion in  Medicine  at  the  University  in  181 8,  his  pre- 
ceptor's associate  in  giving  instruction  to  students.  A 
private  medical  school  grew  out  of  this  association  ; 
in  which  a  number  of  our  most  eminent  physicians  and 
surgeons,  of  the  generation  now  passing  away,  took 
part,  first  as  pupils,  and  some  of  them  afterwards  as 
instructors.  Under  such  circumstances,  Dr.  Wood 
matured  those  convictions  upon  practical  medicine  and 
medical  ethics  which  he  inculcated  through  his  whole 
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life;  and  which,  during  the  forty-two  years  of  his  con- 
tinuous labors  as  a  medical  professor  and  clinical 
teacher,  were  spread  broadcast  throughout  this  coun- 
try. No  one  man  has  ever  done  so  much  as  he,  to 
form  and  influence  medical  opinion  in  America  upon 
both  practical  and  ethical  questions.  Well  has  it  been 
for  the  profession,  that  his  teaching  was  dictated  by 
good  judgment,  careful  study,  and,  above  all,  the  high- 
est principles  of  rectitude  and  honor. 

Dr.  Wood's  first  course  of  lectures  was  one  upon 
diemistr}',  delivered  to  a  non-professional  audience, 
chiefly  composed  of  ladies,  in  Dr.  Joseph  Parrish's 
private  office.  Here,  in  a  lay  course,  as  Dr.  Littell 
observes,  in  a  Memoir*  to  which  I  am  much  indebted 
for  information,  "before  a  class  entranced  by  his  care- 
fully prepared  experiments  and  not  likely  to  be  hyper- 
cntical  in  its  judgments,  he  gained  confidence  and 
de>cterity,  and  was  thereby  better  fitted  to  perform  his 
P^f~~t  in  a  more  formal  and  important  sphere,"  There 
*3s  a  tradition  amongst  medical  students  and  others, 
that  r)r.  Wood  was  not.  at  the  beginning  of  his  work 
3s  ^  teacher,  an  easy,  fluent  or  graceful  speaker.  It 
's  Entirely  accordant  with  what  we  know  of  his  whole 
life,  to  suppose  that  this  may  have  been  true  ;  and  that 
nis  having  become,  in  maturity,  one  of  the  most  admi- 
rably and  successful  lecturers  of  his  time  was  due  far 
less  to  any  natural  gift  of  eloquence  than  to  assiduous 
anu  long  continued  exercise  and  cultivation  of  his 
IftWers. 

idlvforelhc  Culkj^of  I'hysidnns  of  nnUdeli.hui, 'iviohcr  i.  1879. 
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Shortly  after  the  Philadelphia  College  of  Pharmacy 
was  founded,  in  1821,  Dr.  Wood  was  invited  to  become 
its  Professor  of  Chemistry.  He  accepted  the  position, 
and  held  it,  with  success  and  popularity,  from  1822  to 
1 83 1,  when  he  was  transferred  to  the  Chair  of  Materia 
Medica  in  the  same  institution. 

In  1835,  when  the  Chair  of  Materia  Medica  in  the 
University  of  Pennsylvania  (before  held  by  Dr.  John 
Redman  Coxe)  became  vacant,  Dr.  Wood  was  elected 
to  occupy  it.     I  have  had  before  me  a  letter  addressed 
by  him,  during  the  canvass,  to  James  S.  Smith,  one  of 
the  Trustees  of  the  University,  at  the  request  of  the 
latter,  in  which,  with  modesty  and    yet  with  distinct- 
ness, he  sets  forth  some  of  the  reasons,  growing  out  of 
his  abundant  preparation,  for  his  claim  of  eligibility  to 
the  chair.     He  mentions   in    this  letter  the  fact,  that 
during  the  year  1829   he  devoted  all  his  leisure  for 
nine  months,  in   conjunction  with   Drs.  Hewson   and 
Bache,  acting  as  a  Committee  of  the  College  of  Physi- 
cians, to  the  revisal  of  the  Pharmacopoeia  of  the  United 
States.     So    many  alterations  were  found  to    be   re- 
quired,  that  it  was    necessary  to  rewrite  almost  th^^ 
whole  work.     Before  the  Committee  was  satisfied,  Dr — ' 
Wood  states  that  he  had  written  all  of  the  manuscrip     - 
copy  at  least  twice  over  with  his  own  hand.     Througl  -J 
its  subsequent   adoption    by   a    National    Conventio 
at  Washington    in    1830,  this   Pharmacopoeia  becam< 
the  standard    authority  for  the  preparation    of  offici 
nal    medicines  throughout  the  United  States;  and   i 
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fias  so  continued,  with  repeated  revisals.  down  to  the 
pr-esent  time.  Not  long  after  completing  this  import- 
ant  work.  Professor  Wood  began,  with  Professor 
I'r-anklin  Bache.  aided  for  a  time  by  Daniel  B. 
Smith,  then  President  of  the  Philadelphia  College 
oT  I'harmacy,  a  very  elaborate  commentary  upon  the 
Pharmacopceia,  under  the  name  of  the  United  States 
Dispensatory.  This,  which  made  a  volume  of  more 
tlian  a  thousand  large  and  closely  printed  pages,  was 
begun  and  finished  by  its  authors  in  less  than  two 
years.  It  has.  since  that  time,  passed  through  four- 
teen large  editions;  the  aggregate  number  of  copies 
sol<i.  during  Dr.  Wood's  life-time,  amounting  to  120,- 
000  copies ;  as  it  has  long  been  regarded  as  every- 
where indispensable  to  both  the  medical  and  the  phar- 
fniicreutical  professions.  The  intimate  association  of 
Doctors  Wood  and  Bache,  in  the  preparation  of  this 
■"Cist  useful  work  of  reference,  was  only  a  part  of  the 
fat>ric  of  their  life-long  fraternal  friendship.  This  close 
■ntiinacy  was  the  more  remarkable  on  account  of  their 
'  ■"'S  opposed  in  interest  as  professors  in  the  two 
K''^at  rival  medical  schools;  that  of  the  Medical  De- 
P*»~tment  of  the  University  of  Pennsylvania,  and  the 
J^'Tisrson  Medical  College  of  Philadelphia. 

I  w  the  professorship  of  Materia  Medica  and  Thera- 
py*-* tics  in  the  University  of  Pennsylvania,  Dr.  Wood 
"^^.«died  the  culmination  of  his  reputation  as  a  public 
'^^cher.  He  was  one  of  the  leaders  in  that  great 
irm   in    instruction  upon  scientific    subjects,  which 
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has  now  become  universal;  in  which  ilkistration  and 
demonstration,  by  the  constant  presentation  of  objects 
to  the  sight,  are  prominent  and  essential.  His  courses 
of  lectures  upon  Materia  Medica  may  be  truly  said  to 
have  been  splendid,  almost  magnificent;  adorned  as 
well  as  made  complete  for  the  students*  information, 
by  the  exhibition,  from  day  to  day,  of  living  specimens 
of  medicinal  plants  from  all  quarters  of .  the  world, 
grown  in  his  own  private  conservatory  and  botanical 
garden,  maintained  for  this  special  purpose.  When 
such  could  not  at  the  time  be  obtained,  fine  pictorial 
representations  were  placed  before  the  class  in  their 
stead;  and  his  cabinet  of  mineral  and  other  crude  and 
prepared  specimens  was  correspondingly  complete. 
A  printed  syllabus  of  the  course  of  lectures,  inter- 
leaved for  note-taking,  was  furnished  gratuitously  by 
him  to  each  student.  It  may  be  said,  indeed,  that  no 
portion  of  the  curriculum  of  the  Medical  Department 
of  the  University,  able  and  renowned  as  have  been  the 
other  members  or  its  Faculty,  ever  added  more  to  the 
great  reputation  and  large  classes  of  that  institution, 
than  this  model  course.  Dr.  Wood  continued  to  hold 
the  Chair  of  Materia  Medica  and  Therapeutics  until 
1850,  when  he  was  transferred  to  that  of  the  Theory 
and  Practice  of  Medicine,  upon  the  retirement  from 
the  latter  of  Professor  Nathaniel  Chapman.  This  chair 
he  retained  until  i860,  when  he  withdrew  from  all  ac- 
tive professional  labors. 

Among  other  literary  contributions  of  the  earlier 
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portion  of  Dr.  Wood's  professional  life,  one  not  witli- 
oi-it  importance  was,  his  taking  prominent  part  in  the 
ecJiiorship  of  the  North  American  Medical  and  Surgi- 
ca.1  Journal.  This  quarterly  periodical  attained  the 
l»ighest  standing,  being  conducted  by  a  number  of 
g'^rntlemen  of  ability  and  learning;  although  it  gave 
wjiy,  after  a  few  years,  to  a  successor  in  the  same  field, 
under  circumstances  more  favorable  to  a  permanent 
cjcistence. 

Jn  1835,  Professor  Wood  was  appointed  one  of  the 
attending    physicians    to    the    Pennsylvania    Hospital. 
The   duties  of  this    responsible    post   he    performed, 
with    unremitting    faithfulness,   until    the    year     1859. 
His  clinical  lectures  in    that  institution,  to   numerous 
classes  of  medical  students,  were   admirable.     Great 
im  provements  in  the  methods  of  ascertaining  condi- 
tions of  internal  disease,  and  especially  in  the  physical 
"i^^^nosis  of  affections  of  the  lungs  and  heart,  were 
"i'<:>iight  hither  from  Europe  after  Dr.  Wood  had  be- 
gu  n  his  career  as  a  medical  teacher.    Having  no  ultra- 
^conservatism  in  regard  to  novelties,  he  applied  himself 
***    the  practical  study  of  auscultation  and  percussion; 
®**    as  to  become  proficient  in  their  bedside  use.     Not 
•Content,  however,  with  his  own  skill  in   these  newer 
'^^ithods,  he  availed  himself,  not  unfrequently,  of  the 
*'*5sistance  of  the  late  Dr.  W.  W.  Gerhard,  with  whom 
^^y  were  a  specialty,  in  the  diagnosis  of  cases  under 
Ilia    care  iu  die  Hospital.     It  was  one  of  Dr.  Wood's 
'^'^^■racteristics.  that,  in  his  earnest  and  conscientious  so- 
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licitude  for  the  interests  of  his  patients  and  pupils,  hi 
was  always  ready  to  supplement  and  extend  the  advan< 
tages  of  his  own  personal  instruction,  by  engaging! 
upon  the  most  liberal  terms,  the  services  of  others  iB 
particular  departments.  This  was  constantly  done  h^ 
him  in  regard  to  his  own  private  students,  of  whont 
until  about  the  year  1855,  he  always  had  a  large  class. 
Several  of  our  most  distinguished  physicians,  now  lead- 
ing pracdtioners  and  professors,  can  look  back  with 
grateful  reminiscences  to  the  hours  advantageously 
spent,  in  review  of  their  University  studies,  as  Profes- 
sor Wood's  office  pupils. 

No  event  in  Dr.  Wood's  life  was  of  more  cardinal- 
importance  to  him  than  his  marriage  ;  which  took  placW 
In  1823,  to  Caroline,  only  daughter  of  Peter  Hahn,  S 
wealthy  merchant  of  Philadelphia.  Congenial,  domes- 
tic In  her  tastes,  and  devoted  in  her  attachment  to  him, 
she  was  able,  also,  by  her  receipt  of, large  means  frotn* 
her  father,  to  secure  her  husband  in  an  independeiUt 
position  In  the  world.  Some  men  would  have  availed 
themselves  of  this,  to  withdraw  from  care  and 
of  every  kind  ,  and  to  enjoy  their  leisure  in  travel 
In  social  or  literary  recreation.  Not  so  with  Dr.  Wood* 
while  generous,  and  sometimes  even  stately,  in  hu 
mode  of  living,  he  employed  the  resources  placed 
within  his  reach  mainly  In  enlarging  and  Improving  hij 
processes  of  Instruction  ;  into  which,  as  well  as  inio  the 
composition  of  his  books,  he  threw  all  the  energy  of  his 
nature.     It  was  a  familiar  fact  to  his  contemporaries  td 
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tne  medical  profession,  that  the  neediest  practitioner, 
lecturer  or  author  among  them  all.  seldom  worked  so 
liard,  and  so  incessanUy.  as  Dr.  Wood.  The  motives 
wliich  sustained  him  in  these  laborious  habits,  were, 
evidendy.  not  at  all  a  desire  to  accumulate  farther 
wealtli,  but  a  love  for  his  pursuits,  perse;  a  very  earnest 
purpose  of  usefulness  to  his  fellow-men;  and,  it  may 
be,  a  not  ignoble  valuation  of  his  own  reputation. 

Although  without  offspring,  the  companionship  of  his 
excellent  wife  was  to  him  a  constant  source  of  happiness, 
until  her  death  in  1S65.  With  this  loss,  following  that 
of  Dr.  Bache  in  1864.  began  the  decline  of  Dr.  Wood's 
vig-or,  which  slowly,  and  almost  insensibly,  proceeded, 
ufitil  his  decease  in  the  Spring  of  1879. 

In  1847,  before  his  transfer  to  the  Professorship 
of  ^Practice  of  Medicine  In  the  University,  he  published 
his  great  treatise,  in  two  volumes,  on  the  Pracdce 
of  Medicine.  This  was  at  once  recognized,  at  home 
an«:i  abroad,  as  an  authoritative  work.  It  became  a 
f^^^arite  text-book  for  students,  not  only  in  this  country. 
Iwt  also  in  Great  Britain.  The  dme-honored  Univer- 
"ty  of  Edinburgh  was  one  of  several  foreign  medical 
scl-*ools  in  which  it  was  officially  approved  and  adopted. 
"  T-^assed,  during  its  author's  life,  through  six  editions. 
-TTiis  work  was  followed,  in  1S56,  by  another,  also  in 
***^  octavo  volumes,  a  treatise  upon  Therapeutics  and 
"*^*.  rmacology.  Of  this,  three  editions  were  issued ; 
last  in  1S6S.  In  both  of  these  works.  Dr.  Wood 
^Xved  the  most  indefatigable  industry  and  excellent 
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Hiirlalionie.)  130  jy 

judgment,  in  research,  selection  and  arrangement 
of  all  the  knowledge  obtainable  upon  his  subjects.  Ii 
neither  is  there  manifested  much  originality  of  inven 
tion,  discovery  or  suggestion.  Exception  may.  how 
ever,  be  made  to  some  extent  upon  this  last  point,  so  fai 
as  to  say  that  he  always  exhibited  great  readiness,  ant 
sometimes  ingenuity,  in  accounting  for  things  which 
to  many  others,  seemed  difficult  to  explain,  i  nevei 
knew  him  to  be  without  a  probable  hypothesis.  wheB 
one  was  wanted  for  such  a  purpose,  whether  in  pathol 
ogy  or  therapeutics,  or,  in  social  or  political  affairs. 

Dr.  Wood's  mental  outlook  was,  indeed,  far  fron 
being  narrow,  or  in  any  sense  restricted  to  matter 
connected  with  his  own  profession.  He  was  earnest!; 
and  actively  interested,  for  several  years,  in  the  estah 
lishment  of  Girard  College  according  to  the  design) 
of  its  endowment.  There  is  amongst  his  papers,  it 
connection  with  this,  a  communication  to  the  Philadd 
pkia  Courier  and  Eiupurer  of  the  date  of  Monday 
Dec.  28,  1S40,  a  really  eloquent  appeal  to  the  citizeai 
of  Philadelphia,  signed  "Girard;"  in  which  the  philan 
thropist  is  personated  as  calling  from  his  grave  upoi 
those  to  whom  his  trust  had  been  confided,  to  end  theil 
long  delay  in  the  fulfilment  of  his  cherished  purposQ 
for  tlie  benefit  of  the  orphans  of  the  City  and  State  o 
his  adoption.  A  few  words  from  this  paper  may  bt 
here  not  inappropriately  cited,  as  an  e.vample  of  it 
author's  style. 

"  I  entreat   you,"  he  writes,  "  by  our  former  fellow 
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^ip  and  by  all  the  good  which  I  have  intended  for  you 
and  your  children,  I  require  of  you  by  the  obligation 
of  an  accepted  trust,  I  conjure  you  by  the  terrors  of  a 
wounded  conscience  and  a  retributive  judgment,  to 
guard  faithfully  the  sacred  pledge  which  I  have  depos- 
ited with  you.  Should  any  one  attempt  to  violate  its 
sanctity,  and  abuse  it  for  some  unholy  purpose,  let  him 
feel  die  weight  of  your  indignant  reproof  Should  a 
public  servant  dare  to  propose  a  dishonorable  applica- 
tion of  it  to  your  own  wants  or  necessities,  frown  him 
'nto  that  contempt  which  ever^'  pander  merits.  If  in- 
jury has  accrued  from  former  neglect,  do  all  that  you 
can  to  remedy  the  past  and  to  guard  the  future. " 

In  presenting  this  appeal  to  the  public,  after  nine 
years  had  elapsed  without  any  application  of  Stephen 
Gir-ard's  legacy  to  the  education  of  orphans,  it  was  un- 
<Jer-stood  that  its  author  represented,  although  inform- 
ally, the  wishes  of  the  Trustees  of  the  College. 

Shortly  afterwards,  Dr.  Wood,  as  chairman  of  a 
*~*^TimiHee  of  the  same  Board  of  Trustees,  prepared 
*  fonna!  communication  to  the  Select  and  Common 
'^— ^^uncils  of  Philadelphia,  urging  immediate  action  to 
^^^■■"ry  out  the  provisions  of  Girard's  will,  by  legal  en- 
^^^trnenLs  and  appropriations,  The  result  of  this  con- 
"'•^C,  however,  between  the  Councils  and  the  Board, 
^'a-s  the  dissoludon  of  the  latter,  of  which  Nicholas 
"^'itlle  was  then  President;  and,  also,  the  termination 
*•'  the  official  connection  wiUi  the  College  of  its  first 
^resident,  Alexander  Dallas  Bache. 
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An  important  contribution  was  made,  also,  by  D 
Wood,  to  the  organization  of  Girard  College,  in  t 
form  of  a  report  of  a  committee  of  which  he  w 
chairman,  upon  the  clothing,  diet,  etc.,  of  its  orpha 
pupils.  This  report  comprised  a  brief  but  clear  an 
systematic  statement  of  the  principles  essential  to 
healthy  conduct  of  such  an  establishment;  such  a 
if  carried  out,  must  have  secured  to  it  from  the  star 
excellent  sanitary  conditions. 

Among  other  subjects  upon  which  Dr.  Wood  wrot 
well,  as  he  did  upon  all  topics  which  interested  him 
all,  was  that  of  the  Temperance  reform.     He  cent 
buted  to  the  Uniied  States  Rcvieiv,  in  January,   183 
an  article  about  fifty  pages  in  length,  on  the  "  Te 
perance  Cause/'     His  views,  in  this  article,  were 
vanccd  for  that  day,  although  confined  to  an  expositio 
of  the  evils  attending  the  use  of  ardent  spirits  as 
drink,  and  of  immoderate  indulgence  in  the  use  of  fe 
mented  beverages.   That,  with  longer  reflection  and  e 
perience,  his  mind  did  not  greatly  change  upon  th 
subject,  was  shown  by  a  note  appended  by  him  to  a  r 
print  of  the  above  mentioned  article,  in  1872.     "We 
our  efforts  confined/'  he  there  says,  "  to  the  exclusion 
ardent  spirit  or  distilled  liquors  from  use,  there  might 
some  hope  of  success  in  the  end ;  as  a  people  amon 
whom  temperance  could  be  established,  with  this  limi 
ation,  could  never,  so  long  as  the  rule  continued,  b 
come  a  nation  of  drunkards." 

It  may  be  remarked  that  Dr.  Wood's  retired  positio 
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in  his  later  life  may  have  debarred  him  from  a  close 
acquaintance  with  that  pressure  of  facts  in  regard  to 
the  effects  of  intemperance  in  our  own  and  other  coun- 
tries, which,  with  the  evidence  that  the  limitation  which 
he  urged  cannot  be  anywhere  extensively  carried  out, 
has  brought  many  cautious  minds  in  our  time  to  con- 
dude,  that,  to  control  what  seems,  next  to  war,  the 
chief  destroyer  of  modern  nations,  no  prohibition,  no 
(lersonal  or  general  sacrifice  can  be  too  great.  It  may 
be  proper  to  say  here,  also,  that,  in  his  own  way  of  life, 
Dr.  Wood,  while  very  fond  of  hospitality,  and  making 
I  'lis  house  a  favorite  social  centre,  especially  for  the 

"^embers  of  his  own  profession,  was  a  marked  instance 
o*"  ihe  benefits  of  tliat  temperance  which  he  so  ably  de- 
'^^nded  and  enjoined. 

f^istorical  composition  always  had  a  great  attraction 

'Or  Dr.  Wood,     In  the  two  volumes  of  his  Memoirs, 

'*-^i*:tures  and  Addresses,  published,  the  one  in  1859, 

^"^^d  die  other  in   1S72,  we  find  the  following  papers 

^^•*^j3ressly  of  that  character: 

•r^istory  of  Alateria   MedUa;   History  of  Materia 

sdica  in  tfu  United  States;  Sketch  of  the  History  of 

=^   Medical  Department  of  the  University  of  Pennsyl- 

^^ia;  History  of  tfie  Pennsylvania  Hospital,  delivered 

the  centennial  celebration  of  its  foundation,  with  a 

•  l>plement  to  this,  delivered  at  the  laying,  in    1856, 

t-hc  corner-stone  of  the  new  Penna.  Hospital  for  the 

^**ane;  and  a  History  of  Christianity  in  India. 

The  last  named  of  these  historical  memoirs  was  part 


of  a  larger  plan  of  a  History  of  India,  conceived  by  its 
author  in  early  life,  and  abandoned  on  account  of  ihe 
demands  made  upon  his  time  by  his  professional  dutiesj 
The  eleven  chapters  which  were  completed  make  more 
than  a  hundred  pages  of  the  volume  of  Memoirs,  &c.j 
published  by  him  in  (872.  There  is  added,  also,  as  a 
supplement,  an  Address  on  the  British  East  India  Em- 
pire, which  was  delivered  by  Professor  Wood  before 
the  Athenian  Institute  of  Philadelphia,  January  23d, 
1839.  From  the  latter,  we  may  take,  as  bearing  upon 
a  topic  whose  interest  to  the  world  at  large  is  increas- 
ing every  year,  the  following  concluding  reflections  : 

"But,"  it  is  there  written,  "the  fortunes  of  India  and 
Great  Britain  are  not  to  be  forever  united.  The 
English  themselves,  even  those  who  have  labored  mosC 
assiduously  in  the  consolidation  of  the  Indian  Empire, 
look  forward  to  an  ultimate  separation.  They  look 
forward  to  the  time,  when,  through  the  agency  of 
causes  brought  to  bear  upon  the  people  of  India  by 
their  present  political  relations,  they  will  have  become 
enlightened,  refined,  elevated  in  sentiment  and  conduct 
when  the  adoption  of  a  pure  religion  will  have  cleansed 
away  the  moral  foulness  which  now  corrupts  ever)( 
spring  of  action  ;  when  their  long  union  under  om 
common  government  will  have  given  them  a  feeling  ol 
political  identity,  a  spirit  of  nationality  and  patriotism, 
which  may  lead  them  to  desire  independence,  forwhichi 
their  expanded  intelligence  and  purer  morality  shall 
have  fitted  them.     When  thus  ripe  for  self-govern  me  nti. 
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may  we  not  reasonably  hope,  that  India  will  fall  off 
spontaneously  and  peaceably  from  her  long  attachment, 
and.  either  as  one  or  as  several  people,  take  her  place 
in  that  brotherhood  of  nations,  which,  in  America,  in 
Africa,  and  in  Australasia,  will  have  owed  their  origin  or 
civilization  directly  or  indirectly  to  Great  Britain,  and 
will  continue  to  revere  the  name  and  cherish  the  insti- 
tutions of  this  mother  of  empires,  when  she  herself 
shall  have  fallen  into  the  decrepitude  of  age,  or  have 
gone  to  join  her  predecessors  in  the  realms  of 
history  ?" 

A  number  of  Biographical  Memoirs,  also,  were  writ- 
ten by  Dr,  Wood.  We  find,  in  his  first  volume,  a 
memoir  of  Dr,  Joseph  Parrish,  and  one  of  Dr.  Samuel 
George  Morton;  in  the  second  volume,  of  Dr.  Frank- 
'"5  Bache,  of  Frederick  Beasley,  D.D.,  and  of  Dr. 
James  L.  Fisher,  All  but  one  of  these  were  prepared 
cither  for  the  American  Philosophical  Society,  or  for 
'"^  College  of  Physicians,  or  the  Medical  Society  of 
Pf'iiladelphia. 

t-^r  scientific  contributions  by  Dr.  Wood  to  the  Pro- 
*^^*=<3ings  of  the  American  Philosophical  Society,  1  find 
'^coi-J  of  four.  The  first  of  tliese  was  delivered  as 
^^  aOdress  to  the  Society,  in  iS6o,  his  second  year  of 
^^'"vice  as  its  President,  upon  "Dangers  of  Hasty 
^^^'^eralization  in  Science."  It  exemplified,  as  well 
**  inculcated,  that  cautious,  although  never  timid 
spirit^  which  becomes  the  true  philosopher;  which 
?>comes  the  appearance  of  every  promising  novelty. 
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In  science  or  in  art,  but  always  refuses  to  accept  it  sira 
ply  because  it  is  new;  which  believes  everything  whi(^ 
is  proven  by  sufficient  evidence,  but  nothing-  without 
evidence,  whatever  its  attraction  to  the  fancy,  the  inteU 
lect,  or  even  the  moral  sense. 

Dr.  Wood's  other  papers,  published  in  the  Proceed 
ings  of  this  Society,  were  upon  the  subject  of  his  obser 
vations  and  experiments,  carried  on  through  severa 
years,  upon  his  farm  at  Greenwich,  in  regard  to  thi 
fertilizing  and  renewing  action  of  the  alkali  potassa  of 
the  growth  of  fruit-trees,  potatoes,  wheat  and  othei 
plants.  The  addition  of  wood  ashes  empirically  U 
certain  soils  under  cultivation,-  has  long  been  a  com 
mon  practice  in  many  places.  By  the  chemical  analy^ 
of  plants  and  of  the  earth  in  which  they  grow,  as  Dl 
Wood  mentions,  their  mutual  physiological  relationi 
have,  especially  since  the  investigations  of  Liebig,  beei 
generally  understood.  But  the  merit  of  Dr.  Wood' 
observations  is,  that  they  have  furnished  means  ofdefo 
nite  experimental  demonstration,  upon  a  considerabk 
scale,  of  the  practical  application  of  this  part  of  dw 
chemical  physiology  of  plants,  in  a  manner  productive 
of  direct  agricultural  and  horticultural  profit 

Every  inquiry  of  such  a  kind  is,  of  course,  of  a  t 
plex  nature,  and  the  inferences  derived  from  it  mils 
be  properly  collated  and  correlated  with  other  &Gt] 
and  laws,  which  may  qualify  both  their  interpretatioi 
and  their  application.  But  the  scientific  and  practici 
value  of  such   investigations  is  beyond  doubt;  esp* 


cia.lly  when  carried  on  with  the  patience,  carefulness 
and  candor  which  attended  those  whicli  have  been  thus 
hriefiy  recorded. 

Dr.    Wood's    professional    eminence   and    personal 
qualifications  led,  naturally  and  suitably,  to  his  being 
called     to    high   official    positions.     In    1848.   he    was 
elected    President   of    die    College    of    Physicians    of 
Philadelphia;  an  office  which  remained  with  him  there- 
after until  his  death.     In  1855,  he  was  made  President 
of    the  American    Medical  Association;  and  in    1859, 
President  of  the  American  Piiilosophical  Society,     In 
tliis  last  postdon,  he  followed,  after  an  interval  of  some 
years,  Dr.  Nathaniel  Chapman.    Both  of  these  appoint- 
ments may  be  regarded  as  not  only  altogether  appro- 
priate on  account  of  the  high  individual  merits  of  those 
who  received  them,  but,  also,  as  evincing  a  recognition 
of  tjje  relation  of  the  medical  profession  to  the  general 
advancement  of  science,  to  which  medical  men  here, 
^    elsewhere,  have  rendered  such  large  and  numerous 
•^ntributions;  besides  exemplifying,  in  their  own  vo- 
*-"ion,  the  principle  that  science  lives  and  works  most 
"y.    not  for  its  own  intellectual  aims  alone,  but  also 
^*"  tj-^e  common  benefit  of  humanity. 
■"^     1870,  Dr.  Wood  was  disposed  to  retire  from  all 
Ofiict^l  duties,  on  account  of  his  advancing  age  and  in- 
"""^^'try.     On  the  occasion  of  his  tendering  his  resigna- 
tion    tj{  tiie  Presidency  of  the  American  Philosophical 
30c»c;ty,  its  Secretaries  were  authorized,  as  a  commit- 
request  its  withdrawal.     In  the  communication 
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addressed  to  him  in  regard  to  it  by  them,  he  was  a 
sured  on  behalf  of  the  members  of  the  Society,  that  a 
continued  to  recognize  him  as  "the  most  worthy  repre- 
sentative it  could  have,  not  only  where  it  holds    ita 
meetings,  but  in  its  correspondence  with  other  learned 
bodies  like  itself." 

After  his  retirement  from  active  service  in  the  Chaip 
of  Theory  and  Practice  of  Medicine  in  the  University 
of  Pennsylvania,  he  was  made  Emeritus  Professor, 
He  became  also,  soon  afterwards,  a  member  of  the 
Board  of  Trustees  of  the  University.  In  that  Board, 
as  Chairman  of  its  Committee  on  the  Medical  Depart*, 
ment,  he  e.\erciseQ  for  many  years  an  influence  upon 
its  affairs  more  important,  perhaps,  than  that  of  any 
other  individual  member. 

His  distinctions  were  not  confined  to  his  own  city.- 
The  College  ot  New  jersey  bestowed  upon  him  the  de- 
gree of  LL.D.  Besides  being  made  honorary  or  cor- 
responding member  of  the  New  York  Academy  o; 
Medicine,  and  the  Medical  Societies  of  Massachusett 
and  Rhode  Island,  the  same  honor  was  conferred  upo« 
liim  by  the  Societe  de  Pharmacie  of  Paris,  the  SfedifO^ 
Chintrgical  Society  of  Edinburgh,  the  Royal  Col 
lege  of  Physicians  of  Dublin;  'Cne.  Silesian  Society  fai 
Native  Culture  of  Breslau,  L' Academia  de'-  Quiri 
of  Rome,  and  the  Socielas  Ccesarea  Natura  Curi 
sorum  of  Moscow,  Russia.  He  attended,  as  a  guesl 
two  meetings  of  the  British  Association  for  the  Ad 
vancement   of  Science,    in    1848    and    1861.     In    [fal 
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fo  w^  MTier  year,  he  was  appointed  delegate  from  the 
A^  b:"*""^  erican  Medical  Association  to  the  meeting,  at 
f^^^^^zlh,  of  the  British  Medical  Association.  At  his 
r^or^sption  on  this  occasion,  when  his  credentials 
wr  ^^  ^r-<i  read,    complimentary   resolutions   were    passed, 

the  whole  assembly  rose    to  greet   him,  as    the 
"edited   and   honored    representative   of    his   pre- 
fer ^  ion   in  America.     During  his   last   visit   to    Eng- 
latrm^i,  in    1861,  appropriate  official  and  social  courte- 
si^^    were  extended  to  him,  as  President  of  the  Ameri- 
catr^       Philosophical    Society,    and   of    the    College   of 
PViy  sicians  of  Philadelphia,  by  the  officers  and  members 
of    ^he  Royal  Society,  and  of  the  College  of  Surgeons 
and    Physicians  in  London. 

Three  journeys  to  Europe  were  made  by  Dr.  Wood, 
ii^     X848,  1853,  and  1860-61-62.      He  visited   in    turn 
^^a.rly  all  the  principal  countries  of  Europe,  including 
R-ussia.     Nor  were  these,  to  him,  tours  only  of  idle 
^niusement  or  mere  recreation.     His  natural  and  ac- 
quired  industry,  his   real   love   of    work   as    well  as 
^f    knowledge,  induced  him  to  study  carefully,  some- 
^ini^s  almost   exhaustively,    every   place    and   object 
^^  ii>terest.     Many  volumes  of  his  Journals  of  Travels 
^^«  been    preserved.     They  are  very  systematically 
^'^t^en,  and  contain  more  valuable  information,  clearly 
^nd     tersely  conveyed,  than    most   popular  books  by 
^^itious  voyagers.     A  scientific  note  book  was  also  kept 
^y  Kim,  upon  some  particular  subjects  of  interest  and 
^^portance.     Full,  often  elaborately  detailed  accounts 


of  his  observations  are  given,  of  the  most  varied  things 
and  places;  as,  for  example,  the  Museum  of  Northern 
Antiquities  at  Copenhagen,  to  the  description  of  whose 
contents  he  gives  fifteen  letter-size  pages  of  his  Journal; 
the  geological  structure  and  indications  of  the  banks 
of  the  Tiber;  art  galleries  and  the  carnival  in  Rome;^ 
vineyards  and  vine  culture  near  Perugia,  on  the  way 
from  Rome  to  Florence;  the  Lariborsiere  Hospital  at, 
Paris;  the  great  International  Exhibition  at  London; 
the  reception  of  a  deputation  of  philanthropists  by 
Lord  Palmerston  :  and  the  annual  dinner  of  the  British 
Medical  Association.  One  of  the  pleasing  minor  inci- 
dents of  his  last  visit  to  London,  was  the  refusal  of  the 
proprietor  of  a  leading  drug  establishment  in  that  city 
to  receive  payment  from  him  for  some  rather  expenr 
sive  medicines,  on  account  of  the  services  rendered  t«3» 
himself  by  Dr.  Wood  in  his  writings. 

Some  important  concerns  of  the  American  Philo 
sophical  Society  received  careful  and  judicious  atteni 
tion  from  him  during  his  journeys  abroad.  Among 
these  were,  his  promotion,  by  personal  address  and 
correspondence  with  our  Minister  at  St.  Petersburg 
of  the  donation  to  tlie  Society  of  one  of  die  copie 
of  the  reprint,  authorized  by  the  Emperor  of  Russiai^ 
of  the  Sinaitic  Codex  of  the  New  Testament,  brought 
to  Europe  by  Professor  Tischendorf.  While  in  Paris^ 
also,  he  found  it  necessary  to  devote  some  time  to  th« 
affair  of  the  Michaux  legacy  to  this  Society  ;  which  was 
then  complicated  by  the  reluctance  of  Madame  Bezien 


x?vidow  of  Michaux,  to  carry  out,  as  desired,  some  of  the 
i-^quired  arrangements. 

Our  great  civil  war  was  going  on  during  the  last 
absence  of  Dr.  Wood  in  Europe.     Every  mail  brought 
n^  ws  of  battles,  sometimes  with  reverses  and  sometimes 
su  excesses,  of  the  Union  arms.      So  patriotic   a    man 
could  not  fail  to  be  much  moved  by  these  events;  and 
his    Journal  has  many  pages  filled  with  reflections  upon 
them,  and  the  expression  of  his  anxious  solicitude  for 
his    country  during  its  perils.     There  is  interest  in  these 
expressions,  as  those  of  a  sagacious  man,  looking  for- 
ward as  well  as  backward,  at  the  career  of  this  great 
Republic,  then  passing  through  its  ordeal  of  fire.     In 
1861,  he  was,  with  others,  much  exercised  about  the 
possibility,  at  one  time  threatening,  of  Great  Britain 
interfering  to  the  advantage  of  the  Secessionists.     He 
P>"eclicts  as  the  result  of  such  an  unwarranted  action, 
certain  disaster,  if  not  ruin,  to  England ;  through  ad- 
vantage being  taken  by  France,  under  Napoleon  III., 
^f  the  opportunity  thus  afforded  to  provoke  new  con- 
"*cts,  not  improbably  ending  in  a  general  European 
War. 

Confidendy  anticipating,  at  the  beginning  of  1862, 
^*^^  final,  if  not  speedy  triumph  of  the  forces  of  the 
^nion,  he  saw  very  distinctly  at  that  period,  the  later 
Prospect,  which  he  indicated  in  these  words :  "  But 
"^^  problem  appears  to  me  much  more  difficult,  what 
^s  to  be  done  with  the  South  when  conquered,  than  will 
*^^  the  task  of  conquest/'     The  plan  which  he  favored 
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was  one  which  many  others  have  approved;  perhap: 
more  even  now  than  at  the  close  of  the  war.  since  thi 
trial  of  a  different  but  imperfectly  successful  policy 
namely,  "  the  establishment,  in  the  States  which  had  for 
feited  their  rights  under  the  Constitution,  of  provisiona 
governments,  with  officers  appointed  by  the  Presiden 
and  Senate,  and  under  regulations  prescribed  by  Con 
gress,  until,  by  a  gradual  amendment  in  the  charactee 
or  material  of  the  population  they  shall  be  again  fittec 
to  govern  themselves  as  constituent  parts  of  tht 
Union." 

Another,  and  still  nearer,  cause  of  anxiety  began 
early  in  the  same  year,  to  throw,  as  he  wrote  in  hb 
journal,  a  deep  shadow  over  Dr.  Wood's  future.  Thii 
was  the  discovery  that  a  cancerous  tumor  was  begin* 
ning  to  threaten  his  wife's  health  and  life.  His  plani 
of  travel  were  altered  in  consequence.  A  voyage  t< 
Athens.  Constantinople  and  Egypt  was  given  up; 
after  some  farther  stay  in  Italy,  the  party  traveled 
slowly  toward  Paris. 

There,  after  careful  surgical  consultation,  in  April 
1862,  the  operation  of  excision  was  skilfully  performa 
by  the  veteran  surgeon.  Velpeau,  assisted  by  N^latoQ 
and  Dr.  Beylard,  then  of  Paris,  but  formerly  of  Phila 
delphia.  Dr.  Wood's  feeling  upon  the  subject  of  hi: 
wife's  illness  and  suffering  was  e.\pressed  thus  in  hii 
Journal:  "She  and  my  country  are  the  objects  nean 
my  heart ;  and,  if  I  know  myself,  I  would  willingly  giv 
up  my  own  life,  could  I  thereby  secure  the  continue 
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enjoyment  of  life  and  happiness  to  either."  Her  life 
w^a.^  prolonged,  with  tolerable  health  for  a  considerable 
per-iod.  until  1865. 

^Before  Dr.  Wood's  embarkation  upon  his  last  jour- 
it^y^  abroad,  in  i860,  a  farewell  public  dinner  was  given 
kirn,  by  the  members  of  the  medical  profession  in  Phil- 
Iphia,  in  testimony  of  their  high    respect,    esteem 
affection.     The  venerable  and  distinguished   Dr. 
Roche  presided.     The  occasion  was  one  of  unusual 
rest.     No  physician  in  Philadelphia  was  ever  more, 
ir    ^  ver  one  so  much,  looked  up  to  by  those  of  all  ranks 
and  ages,  as  truly  the  head,  the  patriarch*  of  the  medi- 
cal   profession  in  America. 

A.t  the  time  of  his  death,  in  1879,  Dr.  Wood  was 

a-     fJew   days    more    than    eighty-two    years    of   age. 

On     the  subject  of  his  funeral,  I  must  cite  the  words 

of  tDr.  Littell,  in  his  memoir,  already  mentioned:    "His 

r^n-istins,  followed  by  a  long  train  of  sorrowing  friends, 

w^^«"e  silently  interred  at  Laurel  Hill,  as  the  manner 

of  Friends  is  to  bury.f    Not  a  word  was  uttered,  not  a 

'^ot^  was  heard,  either  at  the  house  or  at  the  grave. 

^^^    instinctively  felt  that  fulsome  panegyric  or  trite  re- 

"^^t^lc  would  be  alike  out  of  place  on  such  an  occasion. 

rh^y  came  *to  bury  Caesar,  not  to  praise  him.'     But 

*  t^is  expression  was  applied  by  Dr.  Wood  himself,  in  1850,  to  his  piedeces- 

'  ^^r.  Nathaniel  Chapman.     It  may  be  said  to  be  still  preserved  to  Philadel- 

*^  **»  til  the  person  of  our  distinguished  surgeon,  Professor  S.  D.  Gross,  who  has 

^^^^ed  the  very  highest  honors  on  both  sides  of  the  Atlantic. 

'  **^   need  scarcely,  perhaps,  be  here  noted,  that  fitting  discourse,  by  ministers 

^^»^ers,  is  frequent,  although  not  universal,  at  the  funerals  of  "  Friends." 
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though  no  religious  rite  was  observed,  no  comfortiri 
service  performed,  those  who  were  present  felt  nor& 
the  less  deeply  that  the  object  of  their  love  and  vene 
ation — the    Christian    gentleman,    the    representati 
physician,  the    knight   of  stainless  record — had  be< 
gathered  to  his  fathers  after  a  well-spent  life,  ripe  wi 
years  and  honors,  *  in  the  confidence  of  a  certain 
in  the  comfort  of  a  reasonable,  religious  and  holy  hop 
in    favor  with.  God,  and  in   perfect  charity  with 
worid; "  I 

In  person.  Dr.  Wood  was  rather  tall ;  until  the  1 
few  years  of  his  life  slender,  and  very  erect  in  carriage 
His  features  were  regular,  though  not  striking ;  he  wo 
a  peruke,  and  no  beard.  He  was  always  dressed  i*^ 
black,  and  very  neatly.  His  manners  were  dignifi^^ 
and  formal ;  his  whole  appearance  grave  and  sedate- 
To  strangers,  and  those  of  slight  acquaintance,  1^^ 
seemed  rather  to  repel  approach,  and  to  produce  ^ 
feeling  of  constraint.  Amongst  intimate  friends,  ha 
ever,  in  social  intercourse,  this  severity  was  relaxe 
so  that,  although  never  demonstrative,  he  was  qu' 
affable,  and,  at  times,  genial.  As  Dr.  Packard 
scribes  him,  in  his  brief  biographical  sketch,*  "whoeV^ 
learned  to  know  him  found  in  him  a  faithful  friend  -^ 
judicious  counsellor,  and  a  true  man."  His  unifo^^ 
courtesy  entitled  him  to  b(*  (lesignatcxl,  as  he  was  at  t^^ 
dinner  given  to  him  by  the  profession  in  i860,  "t^  J 
model  irentleman."     Usini^  airain  some  of  the  words 

*TianMacti«.)n>  of  the  American  Mcuical  Association,  1S79. 
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Dr.  Littell,  "his  purity  was  that  of  t!ie  snow  or  lily  ;  and 
no  one  in  his  presence  ever  ventured  to  indulge  in 
ribald  jest  or  unseemly  remark."  But  once  did  I 
know  him,  in  a  long  acquaintance,  to  be  for  a  moment 
off  his  guard,  in  the  measured  dignity  of  his  utterance  ; 
and  then  it  was  under  somewhat  unusual  provocation. 
It  seemed  not  improbable,  however,  that  he  had  natural- 
'Y  an  imperious  temper;  kept,  upon  principle,  under 
admirable  control. 

His  conversation  was  agreeable  and  often  very  In- 
structive, though  not  brilliant.  In  one  respect,  he  was 
sxtremelydifferentfrom  Dr.  Nathaniel  Chapman.  Twice 
only,  in  very  frequent  professional  and  social  inter- 
course, did  I  hear  him  utter  a  facetious  remark;  and, 
then,  it  was  rather  the  dry  wit  which  brings  a  smile 
tfia-ii  the  humor  which  compels  laughter, 

CDne  of  Dr.  Wood's  early  formed  habits,  not  uncom- 
mon, perhaps,  with  toilsome  authors,  was  that  of  doing 
"if^st  of  his  literary  work  late    at  night.     From  ten 
^c:i  ock  until  two,  three  or  four  in  the  morning  were  his 
"SKJ  a!  hours  for  such  employment.     So  inveterate  did 
tni  ^   become,  as  a  "  second  nature"  with  him,  that  when 
'"  ■^•-dvanced  age  he  laid  his  pen  almost  entirely  aside, 
"^     ^ound  it  impossible  to  return  to  ordinary  hours.    He 
still  obliged,  almost  to  the  last,  to  turn  night  into 
and  day  into  the  time  of  his  repose, 
^^--^pen-handed    benevolence   was    a  marked  trait  of 
Ur»      Wood's  character.     Privately,  and  to  public  insti- 
^^*^3ns,  he  gave  largely,  although  always  with  careful 

D  NOVKUBBR  34,  1880. 
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discrimination  and  judgment.  The  University  of  Penn- 
sylvania, the  Pennsylvania  Hospital,  the  Philadelphia 
College  of  Physicians,  the  American  Philosophical 
Society  and  the  Academy  of  Natural  Sciences  were  the 
main  recipients  of  his  liberal  donations  during  his  life- 
time ;  and  several  of  these  institutions  also  became 
principal  legatees  in  his  will. 

Nor  ought  it  to  abate  our  appreciation  of  this  mu 
nificent  liberality,  that,  since  his  decease,  the  expected 
pecuniary  value  of  these  legacies  has  not  been  fully- 
met,  on  account  of  the  depreciation  of  securities,^ 
and  the  inability  of  his  cranberry  plantation  in  New 
Jersey  as  yet  to  realize  the  large  profits  which  he  an- 
ticipated from  it. 

This  last  project,  it  appears  needful  to  believe,  was 
probably  the  least  fortunate  of  Dr.  Wood's  undertalc- 
ings.  So  sanguine,  however,  was  he  in  regard  to  it, 
that  he  added  for  its  extension  a  large  number  of  acres 
to  his  farm  at  Greenwich,  at  prices  larger  than  their 
owners,  his  neighbors,  thought  fit  to  ask  of  him.  Here, 
as  usual,  mercenary  aims  were  the  farthest  from  hia 
thoughts. 

Mention  has  been  before  made,  incidentally,  of  Dr. 
Wood's  inclination  towards  a  certain  stateliness  in  hia 
mode  of  living.  In  traveling  during  the  summe 
through  the  Slate  of  Pennsylvania,  and  even  in  goinj 

•His  will  was  made  in  1871,  wben  gold  was  at  a  prcmiuni  of  I2}i  per  cent., 
and  all  other  kinds  of  properly  wereal  a  correspimdingly  high,  if  not  higher  n  _ 
of  prices,  compared  to  those  folluwing  Ihe  resumption  of  specie  payments,  knj 
especially  ibe  depcession  which  tucceedeJ  [he  "  panic"  of  1873. 
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to  liis  farm  in  New  Jersey,  he  would  not  unfrequently 
drive  four-in-hand.  This  did  not  appear  to  be  at  all 
from  affectation  or  love  of  display,  for  which  he  had  no 
fondness;  but  rather  from  his  conception  of  what  be- 
longed to  his  position  in  the  profession  and  in  general 
society,  of  which  he  was  so  prominent  a  member. 

In   all  things,  correctness,  exactitude,  method,  and 

thoroughness    were    leading   aims   with    Dr.   Wood. 

I  hese    were    shown    above    all    other    traits    in    his 

courses  of  instruction,  private  and  public.     No  pains 

Vere  spared  to  make  every  lecture  complete,  even  in 

Its   smallest  minulia.     His  manner  as  a  lecturer  was 

Comparatively  quiet,  but    sufficiently  energetic;    with 

enough  animation  always  to  secure  attention,  although 

never   in   the    least    approaching    rhetorical    excess. 

f*  tilers  might  easily  obtain  more  admiration  for  their 

eloquence ;   no   lecturer    in    the   University  was   ever 

more  effective,  in  conveying  instruction  and  informa- 

t'On  to  his  classes.  Especially  in  the  abundance  and  ex- 

ce^llence  of  the  illustrations  accompanying  his  lectures, 

"^      was  in  advance  of  almost  all  his  contemporaries.* 

I  ti  Dr.  Wood's  style  as  a  writer,  the  same  qualities 
°'  clearness   and  correctness   were   constantly  mani- 

'•^^•led.  If  to  any  author,  in  science,  philosophy,  foren- 
*'*^  or  general  literature,  the  term  faultless  may  be  ap- 
P'^-^asd,  it  may  be  to  him.     Nor  was  his  manner  correct 

~K  i  iherc  was  »n  exception  lo  this,  il  was  in  Ihe  case  of  Prnre.aut  Kabeil 
"'*"^i-    Bui  he, as  i*  well  known,  though  a  very  illusirioua  ehemisl.anJ  abound- 
(iskilTiiI  and  cipensive  eiperimenlalioii,  n-a*  not  a  superior  leciurer. 
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merely;  it  was  both  elegant  and  forcible;  varied  wiili— 
out  eccentricity,  and  polished,  although  devoid  of  orna  - 
ment.  His  anniversary  discourses  on  public  occasion-^ 
connected  with  the  Pennsylvania  Hospital,  and  his  in 
troductory  and  other  addresses  at  the  University,  wer 
models  of  their  kind;  and  there  are  passages  in  ha 
History  of  Christianity  in  India,  which,  without  any 
the  brilliant  adornments  of  a  Macauiay,  would  nc 
seem,  in  their  manner,  out  of  place  upon  tlie  pages 
a  Bancroft  or  a  Prescott. 

His  youthful  ventures  into  the  realm  of  poetic  aL 
thorship  have  been  already  mentioned.  The  exacrC 
date  of  the  composition  of  his  longest  versified  work  •■^ 
not  known  to  me.  The  copy  which  I  possess  wa-^ 
printed  in  Philadelphia,  in  1864,  without  its  author's 
name.  It  was  dedicated  to  his  wife,  in  language 
admiration  and  tenderness;  as  the  one  who,  as  1»^ 
therein  says,  "hast  taught  me  how  much  a  woman  C3-* 
love,  and  hast  enabled  me.  through  the  feelings  th<: 
hast  inspired,  to  measure  the  depth  of  affection 
which  the  manly  heart  is  capable." 

This  poem  was  an  epic,  in  rhymed  heroic  verse,  e 
titled,  "First  and  Last;  a  Poem  intended  to  illustrs 
tlie  ways  of  God  to  man."     It  is  divided  into  eighte* 
chapters  (instead  of  books  or  cantos),  making  a  ta* 
volume  of  more  than  two  hundred  and  fifty  pages. 

In  reading  it.  one  might  easily  forget  that  its  aulh»* 
was  a  man  of  practical  mundane  experience  and  cyc-I* 
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sd^nce.     It   is  not  without  evidence  of  some  power 
of      imagination.     Scarcely    a    false    rhyme    or    incor- 
rect   measure,  or  even  a  harsh  sounding  line,  occurs 
ihroxighout.     Yet  it  is  almost  equally  v/ithout  a  spark 
ot  poetic  genius.    The  "mens  divinior,"  the  Olympic 
gift,  which  comes  not  with  any  toil  and  is  created  by 
no  strongest  force  of  will,  is  wanting.     Many  scientists, 
like  Sir  Humphry  Davy,  have  begun  life  with  poetic 
aspirations;    but  no  born  poet,  except  Goethe,   ever 
contributed  important  and  permanent  original  gifts  to 
science.*     Still  less,  perhaps,  ought  we  to  look  for  the 
fire  of  genius  where  the  whole  character  of  a  man's 
productions  is  that  of  great  accumulation  rather  than 
"f  creation.     Let  us,  then,  without  further  criticism,  ac- 
I         f^pt  on  behalf  of  this  epic,  whose  subject  was  the  Mil- 
|l        'onic  one  of  the  Fall  of  Man.  and  the  scenes  that  fol- 

t'Otved  it  during  the  life-time  of  Adam  and  Eve,  some  of 
tVood's  own  earlier  lines,  written  in   the  album  of 


"  What  Iho'  po  fire  celeslia!  glows 

Along  [he  burning  line  ; 
Nor  stream  of  sweetest  music  flows. 

Nor  gems  of  fancy  shine; 
"  And  even  should  my  hand  untaught 

Fail  from  the  string  to  wrest 
A  note  resiionsive  to  ihe  ihoughi 

That  dwells  within  my  breast ; 


"ptuHc 


e«niiis;  a»,  very  ri 


i  itaSi  been  n 
aikihly. 


*****    »l^„_  Charles  Kingsley  a 


re  often  associated  with  artistic 
I  the  cose  of  I^onardo  da  Vim 
I.  W.  Holmes  have  been  the  mi 
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**  Yet  partial  friendship  to  these  lays 

Will  not  her  ear  refuse ; 
And,  if  she  cannot  justly  praise, 

"Will  labour  to  excuse." 

Dr.  Wood  embodied  in  this  epic  poem  his  calm  aim- 
deeply  assured  conviction  of  the  truth  and  suprenr^^*— e 
importance  of  the  Christian  religion,  which  underla^E-  d 
and  supported  the  whole  structure  of  his  life. 

A  few  lines  from  **First  and  Last"  may  suffice  to  s<-    ^    t 
this  forth : 

"  Lo  !  from  the  cross  on  which  the  Sinless  died, 
How  streams  the  light  of  life  on  every  side ! 
How  penetrate  remotest  realms  its  rays, 
Earth*s  darkest  corners  kindling  into  blaze ! 
To  every  land  the  messengers  of  love. 
The  Lord's  elect,  commissioned  from  above, 
Bear  the  glad  tidings ;  everywhere  they  sow 
The  seeds  of  truth,  which,  spirit-nurtured,  grow 
To  a  rich  harvest.     From  each  center  spreads 
The  faith  thus  planted. 

"  Yet,  now  this,  now  that 
Prevails.     But  of  the  two  does  victory  wait 
Most  frequently  on  good.     By  slow  degrees 
Faiih  spreads  her  con(iuests.     Over  lands  and  seas 
Is  borne  the  banner  onward,  till  at  last 
All  nations  bow  before  it." 

Few  men,  of  positive  belief  and  devout  feeling,  m^--*^ 
so   little    outward    profession    of  religion  as    did  T-^ 
Wood.     But  this  is  not  difficult  to  account  for.     f^ 
only  was  he  a  man  of  much  natural  reserve,  especi^*     ^ 
in  regard  to  the  most  sacred  emotions  of  his  heart,  b^^ 
this  disposition  was  promoted  by  circumstances.    Bot^^^ 
into   membership    with    the   Society   of  Friends,  ati^^ 


icated  mainly  under  its  influences,  his  formal  con- 
n^^tion  with  it  was  severed  by  his  marriage,  his  wife 
b^Xonging  to  the  Lutheran  communion.     He  joined  no 
er  body.     Often  attending  the  meetings  of  Friends, 
also  not  unfrequently  accompanying  his  wife  to 
chosen  place  of  worship,  his   religion  was  alto- 
S^  "teller  unsectarian ;  but,  for  that,  none   the  less  real. 
H  £  ^^  Journals,  as  well  as  his  unprofessional  published 
^'V'l-i^ngs,  manifest  this  clearly  and  often;  and  it  was 
^^^11  understood  by  those  who  had  the  privilege  of  con- 
ftci^^ntial  intercourse  with  him.     On  one  occasion,  he 
^^x^Ii^ressed  to  a  near  relative  his  opinion,  that  the  doc- 
^rirm^  of   the    Society   of  Friends,    of  the  immediate 
^ri<i   perceptible  guidance  and  teaching  of  the  Holy 
Spirit  (acknowledged,  indeed,   in    some   manner,   by 
^^t^er  denominations,   but   held   most  definitely  and 
^^r-<:>ngly  by  them)  affords  the  only  scientific  basis  for 
r^li^ous  belief;  since  it  gives  to  the  historical  revelation 
<^oi>^jned  in  the  Scriptures  a  confirmation  exactly  cor- 
'^^^I^onding  to  that  verification  by  experiment  which  is 
^*^^    characteristic  of  modern  science,  since  its  improve- 
by  means  of  the  Baconian  inductive  philosophy, 
ut  we  must  hasten  towards  our  conclusion.   To  Dr. 
^'^^>od,  better  than  to  most  men,  might  be  applied  the 
Po^^g  line :  yustum  et  tenacem  propositi  virum, 

If  he  had  genius,  it  was  a  genius  for  work  ;  a  rare 

^^Pacity    for    continued,    indomitable,  all-conquering 

*^^H>r.     With  this,  he  became  an  eminently  successful 

\       **^n.    As  he  wrote  of  Dr.  Chapman,*    "  His   career 

\  .  ^  Leotnres  and  Addresses,  ist  Vol.  p.  211. 
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throughout,  from  youth  to  manhood,  from  manhood  to 
old  age,  has  been  in  the  highest  degree  prosperous 
and  flattering ;  if  the  most  kindly  regards,  general 
respect,  a  wide  social  and  professional  influence,  a 
reputation  limited  only  by  the  bounds  of  civilization, 
and  the  highest  positions  not  political  which  an  individ- 
ual can  attain  in  this  country,  may  be  considered  as 
evincive  of  prosperity  and  honour.** 

In  his  own  words,  also,  addressed,  in  1853,  to  a  class 
of  medical  students,  we  may  set  forth  the  noble  mo- 
tives which  animated  his  life  : 

"Do  not  live  solely  for  yourself.  Do  not  seek 
wealth,  station,  influence,  merely  for  your  own  personal 
gratification;  but  consider  them  as  means  for  doing 
good,  for  spreading  benefits  around  you,  and  for  mak- 
ing an  impression  on  the  world,  which,  when  you  are 
gone  to  your  rewards,  will  cause  grateful  recollections 
to  cluster  about  your  memory,  and  your  example  to  be 
held  up  to  the  young  for  imitation  in  all  future  time/* 

So  taught,  and  so  lived,  he  whom,  in  the  full  ripening 
of  his  days,  we  have  now  lost.  Truly  he  was  a 
philosopher,  in  the  old,  first  meaning  of  the  word :  a 
lover,  acquirer  and  promoter  of  wisdom ;  and,  with 
this,  of  goodness  also.  May  his  memory,  and  th 
influence  of  his  example,  never  pass  away  from  amongs 
us  ! 
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Stated  Meeting,  Ojlof.er  15,  1880. 

Present,  12  memberB, 

Preeideiit,  Mr.  Fralet,  in  tlie  Chair 

Xetters  of  envoy  were  received  from  the  Botanical  Gar- 
Jen  at  St.  Petersburg,  and  the  Meteorological  Office  in 
London. 

Donations  for  the  Library  were  received  from  the  Botani- 
cal Garden  at  St,  Petersburg,  the  Zoblogiseher  Anzciger, 
Prof.   Otto    Schmidt    of    Straebourgh ;    the    Geographical 
Societies  of  Paris  and  Bordeaux  ;  Kevue  Politique  ;  London 
N"aHjre ;  Chemists'   Journal;   Canadian   Naturalist;   Essex 
Tiistitute  ;  Harvard  College  Library  ;  American  Antiquarian 
*Oeicty :    American  Journal  of    Science;    Franklin    Insti- 
tute; American  Journals  of  the  Medical  Sciences,  and  of 
^^»armacy;  Mr.  RiiHsell  Thayer;  the  U.  S,  Coast  Survey; 
•^i  iicinnati  Society  of  Natural  History,  and  the  Ministerio 
^^    Fomento  of  Mexico. 

^  report  of  the  Committee  on  the  Magellanic  Prize  essay 
'^^•.s  called  for. 

iTbe  death  of  Prof,  Benjamin  Pierce,  at  Cambridge,  Oct. 
°»  aged  71,  was  announced  by  the  Secretary,  who  read  a 
''^^"•ice  of  the  deceased  from  the  pen  of  Thos.  Hill,  late 
"^"■^sident  of  Harvard  Coltege. 

^^r.  Seidensticker  described  an  amusing  specimen  of  En- 
K'  »  sh  poetry,  which  was  read  by  the  Secretary  at  his  request ; 
*  ^^iedication  to  the  Chancellor  of  the  University  at  Lund, 
"f*  ^c3  Senator  of  the  Kingdom  of  Sweden,  the  most  honorable 
^^^^^  rd  Count  Charles  Gyllenborg,  Diseerlaiio  Gratlualis  de 
^^•^=-antatione  Eccksiai  Svcmnm  in  America,  by  Tobias  Er. 
"■  ^jrck,  Americano-Dalekarlens.  Upsalse  Literis  Werneri- 
»'*  »s,A.  I).  1700. 

^^Ir,  Lesley  drew  attention  to  t)r.  P.  J.  J.  Valentini's 
^*^  """y  Batisfaclory  investigation  of  the  probable  fabrication  of 
ndft's  Mayan  alpliabet  just  publishe<l  in  the  Proceedings 
the  American   Antiquarian  Society  (No.  75,  page  69  et 
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jares  of  the  Laiula  text  and  from  other 


seq.),  with  the  I 
Bources. 

Mr.  Lesley  said  tliat  so  careful  autl  precise  ■  traiQ  of  nrgument  has  m 
dom  been  pursued  in  a  dilBcuU  case  of  Philology  in  dispute,  and  Dr.  Val- 
entinl'ti  conclusion  will  probably  be  generally  accepted  that  Bishop  Lauds 
oblainod  from  bis  catecliumens  llie  best  figures  which  their  imaginations 
suggested  to  thciu  at  the  time  for  represemlng  the  vowels  and  coaaonaats 
as  bo  pronounced  these  before  Ibera  ;  therefore,  tbat  his  list  of  so  called 
alphabetic  figures,  i)eing  more  or  lees  the  invenUou  of  the  occasion,  had  no 
scieutiBc  or  historic  value  then,  and  canuot  now  be  used  for  declphorlng. 
MuyuQ  or  Mexican  picture-writing  in  an  alphabetic  sense. 

But  had  Dr.  Valentin!  cotnpari.-d  Landa's  figures  with  those  of  Egypt,., 
lie  would  have  been  surprised  at  certain  reBemblances  of  a  remarkably 
radical  characler  ;  allhougb  these  probably  would  not  have  led  him  lo 
abandon.his  train  of  argument ;  as  the  resemblances  cannot  be  <»nBldered 
sufficiently  valid  to  oblige  us  to  a  diflerent  conclusion. 

It  is  nevertheless  asloulsbing  to  notice  that  while  Ivin da's  _/!(■»(  B  is,  ac- 
cording to  Valentin!,  represented  by  afoot-print,  and  l\iat path  nnd  foot-print 
are  pronounced  Be  in  the  Maya  dictionary,  the  Egyptian  sign  for  B  wu 
the  human  leg. 

Still  more  surpisliig  is  it  that  the  H  of  Landa'e  alphabet  is  a  lie  of  cord ; 
vrhile  the  Egyptian  H  is  a  twisted  rJird.  What  connection  can  there  btt 
between  a  cord  and  Ilie  aspirate!  Dr.  Valeutini  explains,  tliat  in  the 
Dresden  codex  a  douliled-up  rope  ftw|ucDtly  (<ccurs,  and  that  Iging-up  daj/a 
to  form  n  year  was  u  common  Mexican  clironologlcnl  expression.  Haab  is 
Mayan  for  year ;  and  Valeutini  thinks  that  the  rope  symbol  for  gear  n 
gtven  lu  Landa  as  the  best  letter  Hn  which  bis  pupils  could  invent  for  ti 
on  the  spur  of  the  moment. 

But  the  most  striking  coincidence  of  all  occurs  in  the  coiled  or  curled  Una 
representing  Landa's  U  ;  for  it  is  absoliitely  identical  with  the  Egyptlu 
curled  U.  Tlie  Mayan  word  for  to  in'nil  or  bend  is  {Tie  ;  and  that  fact 
satisfies  Dr.  Vaienlini ;  but  why  should  Egyptians,  confined  as  tbey  t 
to  the  Valley  of  the  Nile,  and  abliorring  as  Ihey  did  the  sea  and  sailon, 
nriie  their  U  precisely  like  Landa's  alphabetic  U  in  Central  Americaf 
Birch  gives  ha-ti  as  the  name  of  the  Egyptian  coiled  U  and  of  {A«  U»e-\int 
of  a  bout.  ^ 

There  is  one  other  remarkable  conincideuce  between  Landa's  and  thi 
Egyptian  alphabets  ;  and  by  the  way,  the  English  and  other  Teutonic  diW 
lects  have  a  curious  share  In  it.  Landa's  D  (fV)  is  a  disc  with  lines  inside 
the  four  quarters,  the  allowed  Mexican  symbol  for  day  or  )ui>.  So  far  M 
the  sound  is  concerned  the  English  day  represents  it ;  eo  lar  as  the  form  li 
concerned  the  Egyptian  "cake  "  ideograph  for  (t)  country,  and  (3)  ihi 
tun'i  orbit,  is  essentially  the  same.  The  Egyptian  name  of  the  latter  is  read 
ten-nu.  'Brugscb  gives  S'en  as  cireumftrtnre,  perlfery,  the  turn  or  tbt 
shadow,  S'enaa  the  entoumge  of  a  person,  S'na  lo  make  return,  all  ol 
them  with  the  circle  as  a  du  term  in  alive. 


ISdr.  Lesley  described  the  resulta  of  a  recent  visit  to  Salt- 
ville,  in  Virginia,  made  by  Mr.  Henry  Carvil  Lewis,  of 
QeinnantowD,  on  the  au^geation  that  Tertiary  shells  might 
l>e  fonnd  at  the  eastern  corner  of  the  little  plain  on  which 
the  salt  and  gypsum  works  stand. 

3Ir.  Lewid  reported  tLat  he  lind  not  only  carefully  collected  all  Ibe 
univalves  und  bivnlvesof  the  lociklity  but  sitlimitied  ihem  Tur  cxaialniktion 
lo  Mr.  Tryoo,  of  the  Academy  orNntural  Sciencea,  whu  prouounced  ibem 
>ll  revent,  and  one  ortliem  us  a  Bpeciea  nowhere  yet  Been  except  in  the 
QouGioD  river,  which  flows  along  side  of  ttie  plain,  and  the  wnterB  of  which 
oomtuunicale  with  the  wcIIb,  us  described  by  Ur.  Lesley  some  yenrs  ago. 
Mr.  Lewis  had  made  a  comparative  collection  of  the  same  Hhells  [him  the 
l><»nk«  of  the  Houslou  and  fonnd  the  two  auitB  ideolicul. 

On  Rkudog  a  number  of  pits  to  be  dug  he  was  surprised  to  flad  tbc  sur- 
lifcce  Btruium  (three  fl'etileop)  lobe  a  layer  of  these  shells,  nn»t  of  the  aniar, 
ftc,  broken,  but  ll>e  gosteropods  whole,  mixed  with  pottery  aod  embers. 
tt  is  evidently  it  kitchen  lra»h  depotit.  The  shells  did  not  extend  beyond 
the  are*  of  the  pottery,  The  Indians  broke  up  the  univalves  to  mix  with 
laB  clay  of  the  pultery,  but  the  gasteropods  must  have  been  used  only  fgr 
culinary  puq>oacs. 

Be  found  under  the  layer  of  sliells  and  iwttory  a  layer  of  loeal  drift  clay, 
**'ver*l  feel  thick,  resting  on  the  red  gy|»uni  salt  muds,  which  are  several 
Imodred  feeldeepandoccuiiy  abasinamile  wide,  eroded  rtlong an  anllclinal 
■'ch  of  Lower  Silurian  limestones,  the  outcrops  of  which  form  the  hill 
"alls  of  the  liule  enclosed  secluded  valley.  The  rocks  dip  20°  to  80° 
•<«*lh-cfiHt;  and  from  50°  to  80°  north-westward  towards  the  Houston  river, 
"Utfiide  of  the  enclosure.  This  erosion  musl  have  commenced  when  the  Ap- 
fBlKchlan  continent,  crowned  by  Permian  deposits,  rose  fnim  the  seu  »n  the 
"■^t  nonstmcllon  of  the  anticlinal  and  synclinal  folds.  The  salt  clays  then 
*^*^  pn>bably  of  Trias  age.  That  the  gypsum  is  the  result  of  the  decompo- 
<ltion  of  the  limestone  layers  is  plainly  shown  in  the  shaft  and  tunnel 
'Things  ;  and  It  is  confined  lo  the  walls  of  the  basin,  against  which  the 
^S^^tnnial  salt-muds  lie  nonconformahly, 

•f  r.  Lesley  embraced  this  occasion  to  make  Rome  remarks 
■Opposition  to  the  conctusiotis  of  Prof.  Stevenson,  express- 
T^*i  Ilia  valuable  Notes  oil  Sonth  Virginia,  read  before  this 
Diety,  Aug.  20,  reBjjecting  tlie  comparatively  recent  date 
f  t-lie  great  Virginia  faults. 


"•■"f.  Stevenson  does  not  piisilively  assert  that  the  faulting  has  succeeded 

***   flexing  by  a  longer  or  shorter  interval  of  geological  time,  but  he  siijs ; 

__*_"  A««in»  not  wholly  improbable  Ihal  the  faulls  are  of  later  dale  than  the 

''rlwnce  which  produced  the  comparatively  gentle  synclinal  between 


ise 


Wiilleii's  ridge  and  the  Clincli  river;"  an^  the  wLnlelonouf  hUcoDcludli 
paragniphB  leave?  the  impresaion  that  be  oasigiia  tUu  Apialochian  flirxii 
to  one  age  and  ilie  faults  to  aDolltcr  niifl  later  age.  TliU  wouM  b« 
accordance  with  hia  opinions  respecting  the  Funnaylvania  itntidimi!! 
preceding  some  of  the  coal  deposits,  pulilished  in  liis  Reports  of  Pro; 
KKaoit  EEKof  the  Second  Geological  Survey  orPaangyli 

Mr.  Lesley  said  tliat  liis  long  study  of  the  Coal  Meaaures  of  the  Unit^--*^ 
StateB  led  him  to  entertain  grave  doubts  of  this.  Id  fact  he  has  repeutcc^'f 
assigned  the  regular  outspread  and  remiirltably  regular  increase  in  ■*^hB 
lUicltneBsol  thePittsInirgcoalbed  towards  llie  east,  over  Ihc  very  large  *>■ 
lerval  of  country  between  lis  Oliio  outcrops  and  its  Maryland  and  Eastcs^^rn 
PennBylvania  ouicwps,  as  snlflcieDt  evidence  iliat  the  Appalachian  fi>S^s 
liad  nn  existence  whatever  up  lo  the  close  of  the  Coal  em. 

This  extensive  study  of  thu  faults  of  Virginia  and  Tennessee  in  con 
lion  with  the  unhrolcen  anticllnals  of  Pennsylvania  had  in  lilie  luu 
compelled  liimloscuinihom  one  single  cause  producing  essentially  the 
effect  in  one  and  the  same  age. 

Prof  Btevensun  postulates  the  prolmbilily  of  Inter  dale  for  the  faolis 
two  classes  of  observations  in  Southern  Virginia. 

"l.  That  the  course  of  the  streams  has  not  l«eo  delertnrned  by  l**^ 
lines  of  fault." 

"2.  That  erosion  along  the  faulted  Hues  is 
acler  and  extent  with  that  in  liicaiities  wliere 

The  second  postulate  Mr.  Lesley  considered 


5^ 


iaseiilially  the  same  in  cht 
o  faults  exist." 
intially  true,  but  held  It 


It  of  the  noQ-comm unity  of  the  &ulls  with  i 


a  proof  of  the  a 

other  structural  features. 

He  was  obliged,  however,  to  reject  the  Brst  postulate,  On  llie  coutmry.  tla 
topography  illustrated  by  the  maps  and  sections  acttonipanylng  bis  pa|icr<7'* 
the  Coal  field  of  South  Virginia,  in  Montgomery  county,  and  bis  pa|ier  ^ 
Scott,  Wise  and  Toaewell  countiee.  Va.  (Proc.  Amer.  Pbiloa 
page  30,  May,  1863,  and  Vol.  XII,  page  489,  April,  1871)  tell  nothing  id**" 
plainly  than  that  the  Clinch  and  other  Southern  river  crusion  is  wholly  *^ 
entirely  and  in  detail  mo&t  curiounly  determined  by  the  faults,  in  the  aljMit*'^ 
of  which  the  wholewater  tree  of  that  section  of  Virginia,  nnd  of  all  Easta' 
Tennessee  would  have  liecn  of  a  different  cliaraclcr .  in  other  words  wol»'* 
have  iniilated  the  water. trees  of  Middle  PcDnsylvania,  where  audi  bu^*^ 
are  unknown- 
Mr,  Lesley  regretted  thiit  Prof  Stevenson  was  not  prpaenl  to  explain  >*■***' 
eoforci!  his  own  views  in  opposition  to  this. 

Dr.  Barker  read  a  letter  fpom  Dr.  Henry  Draper,  of  N'c'' 
York,  anQouncing  to  the  Society  the  first  Bucceasful  pho*-* 
jfraphing  of  a  nebula,  the  nebula  of  Orion,  by  himself,  nf 
the  80th  of  Sejitember.  Dr.  Barker  expreaseil  his  high  i 
isfaction  that  this  feat  should  have  been  aceoiiiiilished  6* 
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in  America,  and  by  a  member  of  this  Society,  and  published 
in  its  Proceedings.  He  remarked  on  (I)  the  extreme  sensi- 
liveness  of  the  plate,  and  (2)  on  the  extraordinary  perfection 
of  tlie  running  machinery  of  the  driving  clock,  which  was 
reqtiired  to  hold  the  image  steadily  upon  the  plate  for  fiftj 
nainutes,  ten  minutes  being  hitherto  considered  the  maxi- 
iQxiva. 

T)ie  letter  is  as  followa:— 

271  Madibon  Avhnoh,  Nbw  York, 
October  9tl),  1880. 
llv  Dbab  Bakkbh  : — 

I  have  succeeded  in  photographing  the  nebula  in  Orion.  It  took  an  ex- 
I>oeutv  or  HHy  minutes  nbtch,  as  you  can  well  imftj{ine,  was  a  bant  teal 
Cor  the  driviug  clock.  Tlito  Is  tbe  Ursi  time  a  nebula  has  been  pboto- 
er«Iilicd.  I  used  tlie  new  Clark  triple  objective  of  11  incbes  aperture, 
mouDied  on  Ibe  eqtiatorial  stand  I  made  some  years  ago.  This  objective 
is  eap«;iaUy  corrected  for  the  photographic  rays. 

The  pictures  sliow  the  mottled  appearance  of  the  bright  portion  of  the 
tebala  lulmltahly.  It  will  take  some  time  to  discuss  the  pictures  taken 
"Oce  8ei)t.  SOtli,  as  comparisonx  must  be  made  with  the  drawings  of  Lord 
RoBsp,  Bond  and  others. 

TUc  ioiportADCc  of  the  result  lurns  on  the  fact  that  pliotogmphs  will 
niiovr  with  certainly  any  changes  in  Ihe  nebula  and  perhaps  enable  ua  to 
(■('tcrniine  some  of  the  laws  ruling  these  elementary  forma  of  matter.  Tliey 
"•^y  indicate  the  process  of  the  genesis  of  solar  ayatems. 

If  it  suits  your  convenience  will  you  call  the  attention  of  the  Pliilosopbl- 
***  Society  to  tliis  matter,  and  oblige 

Yours  truly, 
Hekrt  Draper. 

Ponding  nominations  Nop.  904,  909  to  920  were  read. 
It.  Vtkh  reported  in  belialf  of  the  Committee  that  a  dis- 
"rse  on  the  life  and  character  of  the  late  President  of  tbe 
^'^^Cfiety,  George  B.  Wood,  M.D.,  LL.D.,  was  delivered  by 
-  licury  Hartshorne,  in  the  hall  of  the  College  of  Sur- 
Jf®*^»i8,  on  the  11th  instant,  and  asked  that  1000  extra  copies 
^  Printed  for  circulation,  which  was  ao  ordered ;  and  the 
"^*»ka  of  Ibe  Society  presented  to  the  College  for  tbe  free 
3f  its  room. 

I  motion  it  was  i-eeolved  that  tbe  Curators  be  authorized 
Ormit  a  copy  to  be  made  of  Martin's  portrait  of  Franklin. 
he  ballot  boxes  being  exiimined  by  the  presiding  officer. 
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the  following  peraous  were  declared  duly  elected  membersa 
the  Society. 

Mr.  Alvan  Clark,  of  Cambridgeport,  Ma^^s. 

Mr.  Alex.  E.  Outerbridge,  of  tlie  U.  S  Mint. 

Mr.  Jacob  B.  Eckfeldt,  of  the  U.  S.  Mint. 

Mr.  Patterson  Dubois,  of  the  U.  S.  Mint. 

Mr.  Lewis  A.  Scott,  of  Pbiladelpliia. 

Mr.  Cadwalader  Biddio,  of  Philadelphia. 

Mr.  Thos.  H.  Dudley,  of  Camden,  N.  J. 

Mr.  Isaac  C.  Martindale,  of  Camden,  N.  J. 

Prof.  Wrn.  Boyd  Dawkins,  of  Manchester,  Eng. 

Dr.  Daniel  Draper,  Ph.D.,  of  New  York  City. 
And  the  meeting  was  adjourned. 


Slated  Meeting,  Nov.  5, 1880. 

Present,  11  members. 

President,  Mr.  Fralet,  in  the  Chair. 

Letters  accepting  membership  were  received  from  it  •'' 
Alexander  E.  Outerbridge,  Jr..  dated  U.  S.  Mint,  Oct.  2ff  ' 
Mr.  Jacob  B.  Eckfeldt,  dated  U.  S.  Mint,  Oct.  28  ;  Mr.  F*-*' 
tcrson  Dubois,  dated  U.  S.  Mint,  Oct.  19;  Mr.  Lewis  -^^' 
Scott,  dated  1806  Locust  street,  Philadelphia,  Oct.  19  ;  M  **' 
Cadwalader  BiJdIe.  dated  1420  Walnut  street,  Pbilade]pl»>^' 
Nov.  4  ;  Mr.  Isaac  0.  Martindale,  dated  Camden,  N.  J.,  0<^  ' 
10  ;  Prof.  Wm.  Boyd  Dawkins,  dated  Boston,  Mass.,  Oct.  2*-  '" 
and  Dr.  Oaniel  Draper,  dated  Meteorological  ObservatorJ 
Centnil  Park,  N.  Y.,  Oct.  19. 

Letters  of  acknowledgment  were  received  from 
Soei6l6  Royale,Dpsal  (99-103  inclusive;  List  of  Members,  9.  i^". 
Catalogue,  Part  III) ;  Soci6t6  Hollandaise,  Harlem  (104) ;  ^^l 
B.  Akadeinie,  Munich  {102.  103);  Naturforchende  Gese< 
schaft,  Freiburg  in  Baden  (102.  103) ;  Soci^t^  des  ScieiiO^^ 
Physiques  et  Naturelles,  Bonleaux  {96,  98-104  inclusive^  '' 
and  the  Royal  Society,  Edinburgh  |105), 


X^ettera  of  envoy  were  received  from  the  Soci6t6  Royale, 
tJpsal,  dftted  Nov.  1879;  Fondation  Teyier,  and  the  Society 
Hollandaise,  Mai,  1880.  Ilarlom ;  Physical ische  Gawll- 
Bctaft,  Berlin,  July  20;  Schweizerische  Gcsellflchaft,  Bern  ; 
Eto^'al  Irish  Academy,  Dublin,  Aug.  1880  ;  and  the  Depart- 
ment of  the  Interior,  Washington,  Oct.  27, 1880. 

-A.  letter  of  envoy  containing  a  request  for  exchange  of 
pixbl  ications  was  received  from  the  Soci6t6  Zoologique  et 
Botanique  de  Finlande,  dated  HeUingfors,  June,  1880. 

Ou  motion  tlie  name  of  this  Society  was  placed  on  the  List 
of"  CorreBpondenta  to  receive  the  Proceedings. 

Donations  for  the  Library  were  received  from  the  Acade- 
mies at  St.  Petereburg,  Munich,  Philatielphia  and  St.  Louis; 
fhe  Observatories  at  St.  Petersburg,  Upsal,  Vienna,  Munich 
and  Turin ;  the  Royal  Society,  Upsal ;  k.k.  Geologiacher 
Reichsanstalt,  k.k.  Geographische  Gesellschaft,  and  Anthro- 
pologische  Gesellschaft,  Vienna ;  Geologische  Gesellschaft, 
Berlin;  Herrn  F.  Sandberger;  Biitorsof  the  Fortachritteder 
f  hyaic,  Berlin,  and  the  Zoologiacher  Anzeiger,  Leipsig  ;  So- 
(■ietiesat  CI  m, Bremen,  Bern,  Frei  burg  iB.,  the  Hague,  Harlem 
and  Lille;  Museum  Teyier,  Harlem ;  Soci6tfed'Anthropologie, 
Ecole  Polytechnique  and  Revue  Politique,  Paris;  Soci6t6  de 
"™graphie  Commerciale,  and  Soei6t6  dea  Sciencea  Physiques 
*-'*■  Naturelloe,  Bordeaux;  Royal  Geographical  Society,  Geo- 
'ogieal  Society,  Zoological  Society, Nature,  and  the  Chemists' 
"•^Urnal,  London  ;  Natural  History  Society,  and  Mr.  Samuel 
^*  ScuJder,  Boston ;  Museum  of  Comparative  Zoology, 
^^tiibridge  ;  R.  L  Historical  Society,  Providence ;  American 
"OUrnal,  New  Haven;  Mr.  Isaac  C   Martindale,  Camden, 

-  J.;    Medical  News,  Journal  of  Pharmacy,  Mr.   Henry 
***'vill  Lewis,  and  Mr.  Henry   Phillijw,  Jr.,  Philadelphia  ; 

-  S.  Department  of  the  Interior,  Washington ;  American 
-*-Htiqiiaries,  Chicago;  Oriental  and  Biblical  Journal,  Clin- 

'*  >  National  Musenm,  and  Miniatorio  do  Fomento, 
^Xico;  and  the  Soci^tfe  Zoologique  et  Botanique  de  Fin- 
•*"»<!  e,Hel8ingfora. 

*^\ie  Committee  to  whom  was  referred  the  considenitioQ 
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of  the  claim  for  the  Magellaiiic  Premium  preseDted  a  report, 
which  was  ordered  to  lie  over  for  consideration  at  the  firat 
stated  meeting  in  December  next. 

An  obituary  notice  of  the  late  Dr.  John  NeiU,  prepared  by 
Dr.  Brinton  at  the  request  of  the  Society,  was  read  by  Dr. 
Horn. 

The  death  of  Mr.  Peter  MuCall,  a  member  of  the  Societyj 
at  Overbrook,  Oct.  30,  in  his  73d  year,  was  announced  by 
Mr.  Henry  Phillips,  Jr.,  who,  on  motion  of  Mr.  E.  K.  Prie«, 
was  appointed  to  prepare  a  notice  of  the  deceased. 

Dr.  Horn  presented  two  communications  for  publicatioQ' 
in  the  Proceedings: 

1,  Critical  notes  on  the  species  of  Selenophorus  of  tha 
United  States. 

2.  A  review  of  the  Bpeciea  Anisodnctylus  inhabiting  tha 
United  States, 

Mr.  Chase  offered  a  list  of  his  papers  published  by  the  Soi 
ciety. 

Mr.  Lesley  exhibited  some  recently  executed  works  of  the 
Geological  Survey : 

1.  A  printed  sheet  of  oil  well  sections  and  profile  colored 
to  show  the  thinning  away  of  the  Catskill  formation,  &c. 
north-westward  along  the  valley  of  the  West  Branch  Susque- 
hanna river,  above  Lock  Haven,  by  Mr  H.  M.  Chance  ; 

2.  A  hand-colored  printed  map  of  the  Philadelphia  belt, 
by  Mr.  C.  E.  Hall ; 

8.  A  MS.  map  of  part  of  the  Mahanoy  and  Shenandoah 
anthracite  bnains  in  Schuylkill  county,  showing  the  struc- 
ture of  the  Mammoth  bed  by  contour  lines,  by  Mr.  Chas.  A. 
Ashburner  and  Mr.  Arthur  Sheafer. 

Pending  nominations  Nos.  909,  920,  and  new  nomination^ 
Nos.  921,  922  were  read. 

Mr.  Fraley  reported  that  he  had  received  and  paidoverto. 
the  Treasurer,  §131.28,  being  the  last  quarterly  payment  o 
the  Michaux  Legacy,  due  Oct.  1,  1880. 

Mr.  Fraley  informed  the  Society  that  a  petition  for  a  nei 
transcription,  called  for  by  the  French  Minister  of  Financi 
had   been  duly  executed   and  forwarded  to  Paris,  and  that 
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'he  Minister  of  Finance  liaJ  aiithorizetl  a  new  traiiaeription 
in  tlie  books  of  the  office  at  Paria. 

Mr.  Brigga  addressed  the  Society,  urging  some  action  for 
appT_)ing  the  Magellanic  funds  t,o  the  rewarding  of  discov- 
erers and  inventors  who  did  not  apply  for  the  premium. 

Mr.  Fralcy  thereupon  gave  a  short  history  of  the  original 
beqnest,  the  accumulatiou  of  the  extra  fund,  the  legal  opinion 
of  Mr.  Horace  Binney  respecting  its  use,  ita  application  by 
tlie  Society  to  publication,  the  establishment  of  the  extra- 
Mngeltanic  premium,  the  publication  of  other  premiums, 
fcnd  the  apiwiintment  of  a  committee  on  premiums  at  large. 
Od  motion  it  was 

Jittolvrd,  Tliiit  ilic  llimrd  of  Offlcera  and  Members  In  Council  be  re- 
taesicd  to  take  into  consideralion  Ihe  present  regulnlions  Ln  regard  to  tlie 
«w«nl  of  the  Mauellunie  Premium,  anil  to  report,  if  lliey  may  deem  any 
thange  expedient,  such  raodiflciiliona  as  may  lend  ti>  the  awarding  of  aaid 
Premium  tor  objecta  of  scienllflc  discovery  mentioned  in  tlie  original  dona- 


■^nd  the  meeting  vas  adjourned. 


up, 

^^^H  Obiluarji  Notiet  of  Dv.  Jnhn  Iftilt.      By  Dr.  Brinton. 

^^^V    {Btad  bffort  the  American  FhilotophKal  Beeittg,  Jfoc.  n,  1880. ) 

^^^^^Atnong  flic  aiiniernus  surgeons  of  distinction  who  hare  given  lustre  to 

^       "iftljen]  science  in  Philadelphia,  ihe  Isle  Dr.  Nelll  deserveilly  sUmd  in  the 

^"X  rank.    He  came  nf  a  race  of  physicians,  his  father  and  both  his  pa- 

Ivnal  Bnd  maternal  grandfathers  having  been  Riembere  of  that  prnfessioD. 

""  Was  bom  in  Philadelphia.  July  9th,  1810,  and  received  both  his  aca- 

'■•mic  and  medical  degrees  fl^ni  the  University  of  Pennsylvania,  the  latter  in 

'™.     Tiie  whole  of  his  sulwequent  life  was  passetl  in  this  city,  where  he 

""*''  iiPijuired  large  surgical  and  general  practice.    At  various  periods  he 

"P'fed  prominent  positions  In  relalionaliip  to  his  profession.     It  will  be 

"lolcici,!  to  mention  Ihe  leading  ones  of  these.     As  early  ns  ISA'S  he  waa 

I'^olotci  Demonslralor  of  Analoniy  in   the  University  of  Pennsylvunia, 

•ort   itiiriy  j-eara  later.  Professor  of  Clinical  Surgery  in  the  same  instltu- 

"''■    PorjevemlyearaaflerlSm,  he  was  Professor  of  General  Surgery  in  the 

■""lip^l  dp|Hirimenl  of  Pennsylvania  Colloge.  au  educational  organlsaliOD 

""'  nowf  In  existence.     At  various  epochs  he  wag  surgenn  to  the  Pennsyl. 

'">>»  Hoepital.  to  the  Philadelphia  Hi>spital,  to  Wills  Hospital,  and  Con- 

*"j '*'S  Surgeon  to  llie  Presbyterian  Hospital. 

•_^***'tng  tUo  war  of  the  Rebellion,  especially  in  ils  earlier  years,  he  was 
'•'?■  engaged  In  rendering  professional  services  to  tlie  wounded  soldiery. 
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la  the  summer  of  1S61  lie  was  Appolaled  by  tlie  Oeneral  anverninenl 
est4kblish  urmy  liospUals  in  Ms  city,  and  the  first  eight  ntgunizeil  and  ooi 
Btructed  hero  were  jiut  in  worlcing  order  under  his  supcrvlglon. 
Iteiglil  or  the  conflict,  when  the  SoatLern  forces  Invadud  tliis  Blate,  ho  wi 
ti]i|>o1nled  Medical  Director  of  the  militia  and  emergency  tnraps  of 
Slate.    In  fuiflUing  the  duties  of  this  offlco.  Le  was  at  Qettyshurg  after 
liitlle,  talting  care  of  the  wounded,  uad  establislied  n  h(M|iilal  at  O&rHsli 
and  aiBO  thoso  at  HngerBlown.  MJ. 

Dr.  Neili  was  a  writer  ns  well  as  a  practitioner.  His  contributions 
literature  were  princl|«11y,  If  not  eKcluslrely,  confined  to  sulijecu  mlatii 
to  medical  and  aiirgtcal  acience,  and  were  usually  in  lite  form  of  ai'liclei 
medical  periodicals.  He  ia  known  as  the  autiior  of  sevoroi  auatomii 
works  Ireatiiig  of  the  aricries,  veins  and  nerrci',  and  also  ol  the  snrgli 
and  anatomical  iiortions  of  a  very  popular  work  fiir  stuilents,  entitled  " 
Com|iendium  of  Medical  Science,''  pablished  uhoiit  twenty  fire  yean  ago. 


A  lier^Utn  of  th«  Spe 


ei  of  ANiBODACxrLliB  inhabiting  th«   UniUd  Statu 
Dfl  Otorg»  II.  Bom.  if.D. 


{R'aA  b»/are  the  Ameriefta  PkiUiiopkii'al  Soaitty,  Nov.  S,  1690.] 

It  id  difflcull  to  understand  why  this  genua  has  pwsod  almost  entirely 
i;i'glectcd.  and  why  so  much  ciinfusinn  and  consequent  synonymy  premil 
when  ti  short  study  wtll  demunstrale  how  easily  the  species  may  1 
grou])ed  and  each  separated  from  iLe  other  by  sharply  defined  elructunl 
characters. 

The  d1  vision  of  the  genus  into  three  subgenera  by  the  form  of  the  Knu 
rior  tibial  spur  is  long  known,  but  the  characters  whicii  follow  socsra  for  tl 
most  imrt  to  have  entirely  escaped  notice.  Tiie  first  of  these,  token  frui 
the  structure  o(  the  posterior  tanus.  and  the  length  of  the  flrat  joint  • 
compared  with  the  next  two.  needa  no  further  explanation. 

The  presence  of  two  or  one  soligcrous  puncture  on  each  side  of  the  clTP 
ens  near  the  anterior  uinrgin  is  a  elinracter  of  very  great  importance  K 
may  bo  used  clsewhero  in  tlie  Cambidie  in  the  separation  ofsmaller  g 
of  species  In  Mic  manner  indicikied  in  llie  accompiuiying  table. 

The  structure  of  tiie  underside  of  iliu  mate  larsi  Isnlsii  very  uscfitl  beri 
It  aSbrdsameans  of  supplementing  any  character  which  may  b«  dnw 
ft'om  the  two  sextos  together,  separating  very  sliarpiy  8|)eclcs  which  a 
BUperflclaiiy  closely  iillitd. 

In  the  diliUatnK  and  ttrifeu*  groups  I  have  been  unable  to  distinguish  an 
true  dorsal  puncture.  In  n11  the  other  s|>ecies  the  dorsal  puncture  is  d 
linct  and  will  be  found  nt  the  posterior  third  of  tho  elytra  uri  or  very  clo 
to  tlie  second  stria. 

A.1I  the  species  have  the  spurs  of  the  posterior  tibiw  slender  ttnd  i 
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'°'>S'>  ■■>  one,  liowever  (intwdnit).  tbe  epure  are  apparentlj  more  cloBely 
*ppr>oximntGd  nt  bftae,  nnd  are  broad,  alightlf  follaceous  aX  tbe  Bides  and 
nbluse  At  tip. 

Oltanctera  of  minor  importance  will  be  found  under  the  various  group 
IteadiDgs. 

tluiiug,  b^  means  of  the  cbiiractera  above  Indicated,  approximated  those 
htLlierio  recognized  species  which  seemed  cloeclj  related,  numerous  forms 
Im^c  been  found  which  have  reftised  lo  Iw  separated,  especially  near  ru((i'- 
ctta  and  poroiut.  I  have  accordingly  placed  these  as  synonyms,  and  in 
*lefiMice  of  that  course  will  stale,  that  the  mass  of  malerlal  which  I  have 
l»«i«l  twfore  me  from  my  own  and  Dr.  LeCoute's  cabinet  fully  warrants  such 
*  p  noted  u  re. 

In  ilie  bibliograpby,  wliicli  will  be  found  at  the  end  of  the  paper,  I  bare 
••*«»rked  those  speties  with  an  aslerisk  (")  of  wliidi   I  have  seen  types  or 
•J>«wiiHenB  comiured  directly  tberewilh. 
The  following;  is  the  table  of  groups  : 

T*^miaBl  spur  of  anterior  lib! a  trifld A. 

T^^xniiual  spur  of  anterior  tibiie  dilated  ai  middle B. 

T*^  niinal  spur  of  anterior  libltt  slender C. 

V-     Posieriur  taru  slightly  flaltoned,  shorter  than  liie  tlbis,  tbe  first  Joint 

Very  litlle  longer  tlian  the  ucond.     Hairy  species A — a 

X7>uaterior  tiirsi  slender,  as  long  as  tbe  tibite.  the  first  Joint  nearly  as  long 

a«lhe  next  two  together.    Glabrous  species A— b 

*-      Poeteriar  tarsi  slender,  equal  lo  Iho  libis,  firBi  joint  long  ;  first  joint  of 

middle  tarsus  ^  pubescent  at  tip.    Black  species B— a 

•^ittlerlor  tarsi   fiatlened,  first  joint  short  :  first  joint  of  middle  tarsus  (j" 

glabrous  beneath,     S]>e<0c8  blcolored  or  metallic B — b 

^-        £tytra  with  distinct  dorwl   puncture,  first  joint  of  middle  taraus  ^ 
glabratubcDcatb  or  with  a  very  small  pubescent  space.     Elytra  smooth, 

■urface  more  or  less  metallic C — a 

^Sl)rira  wltbout  dorsal  punuiure.  first  joint  of  middle  tarsus  ^  pubescent 
over  half  iu  snrface.     Elytra  densely  punctulate,  surface  black,  sub. 

opaque,  and  finely  pubescent C — b 

^3-ronp  A — a  is  peculiar  to  the  Pacific  region,  C — b  to  the  Atlantic,  the 
**'"*«rgrT>ops  contain  sp«'Cles  from  both  sides  of  the  continent. 

a  baa  boon  called  Dichinm:  A — b.  TriplaHi-a»;  B — m,  B — b,  Anito- 
Ul,-  C — a.  Haploctntrui. 

A — a,  dilalatus  Group. 

'Vceies  more  or  less  hairy.  Terminal  spur  of  anterior  tibis  ij'  ?  Irlfid. 
slightly  flatlonod.  the  first  Joint  very  little  longer  than  the 
•nil,  the  fliurlh  (bebly  emarginate.  Elytra  striate,  feebly  sinuate  at  tip, 
intervals  biaeriately  punclale,  dorsal  puncture  not  distinct. 
€aU.  Anterior  tarsi  broadly  dilated,  tlie  first  four  joints  pubescent  be- 
lli, middle  tarsi  loss  dilated,  pubescent  or  not. 
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liinnle.  Anterior  nod  middle  tarsi  slightly  brottdcr  tlian  ibe  posterio 
not  puhcet'eot  bcncalli. 

la  cnnsequetica  of  ihe  liiiiry  liead,  it  ib  dilHcuh  u>  determine  tlic  n 
of  clyi>eftl  aeligerous  punctures.     Tlie  first  two  species  IjoIow  Imve  m 
certainly,  and  pireat  but  one. 

Tlie  species  of  this  grotip  are  as  follows  : 
Tbomx  very  dislinctly  narrowed  hehiniJ,  the  side*  urcuale. 
Hind  angles  of   thorax  obtuse.     Intervals    of   elytra  very  irre^Ial 
biseriately  pnactalihle.     Middle  larBi  t^  not  pubescent  bentnitU. 
Posterior  and  middle  tlbiie  -^  coarsely  tulteivaUte  externally.     SI 

uf  tliorax  beneath  Impunciate 1.  strenatia  He 

Tibiffispinulose  externally.  Thorax  beneath  punctaicS.  dilatatnsDi 

Hind  angles  of  thorax  distinct.     Intervals  of  elytra  very  regularly  b 

closely  biBerialely    punclulate.     Middle   lirsl   ,f    with  joints   8- 

pubescent  beneath. 

Spurs  of  hind  tiblcc  slender  and  acute. 

Hairs  of  surface  short  and  erect.     Thorax  beneath  with  few  oln 

lete  coarse  punctures 3.  obtusuB  lA 

Hairs  of  surface  long  and  scarcely  erect.  Thorax  benealli  with  uiU 

erous  coarse  and  deep  punctures. 4.  pUosoB,  o.  a 

Spurs  of  hind  tibite  shott,  broad  and  dilated  at  lip,  5.  iminnnla, 

Ilind  angles  of  thorax  sharply  rectangular 0,  bnmattna  I>< 

Thorax  scarcely  niirrower  at  base,  sides  feebly  arcuate,  hind  angles 
luse.     Clypeus  with  one  seligerous  puncture  on  e.ich   side.      Hidd 

tarsi  c^'  pubescent  beneiilh.    Feebly  pubescent ..7.  ploeiu  Meat 

1.  A.  strenuuB  Horn.  Our  largest  species,  easily  itnown  in  the  groi 
by  its  more  robust  and  convex  form  and  by  tho  under  side  of  the  thon 
beiuii  opaque  and  lmpuncture<l.  The  nild.Ue  and  poslurior  libi«  in  tl 
male  are  roughly  luberculate  on  the  outer  margin.  I  liave  not  soei 
female.  Length  .90  inch  ;  15  mm. 
TvfO  specimens  ;  Fori  Tejon,  California. 

3.  A.  dilatatoB  DeJ.     With  this  species  I  unite  ftiVfuCui.     It  is  t 

more  depressed  Ihan  the  preceding  species  and  the  olytrnl  iniervala  feeU 

convex.     The  middle  and  posterior  tibiro  are  simply  splnulose  exleraall^ 

and  the  under  side  of  the  thiirax  sparsely  obsolelely  punctate.     The  pm 

tures  of  the  elytral  intervals  art  coarse  and  very  irregubrly  diapoM 

Length  .33— .44  inch  ;  8— U  mm. 

Occurs  nearly  everywhere  in  California. 

3.  A.  obtUBiu  Lcc.     Similar  in  form  to  ailalatu;  but  smaller  And  vrl 

the  hiuJ  angles  of  ilio  thorax  quite  diiilinut  but  not  prominent,  and  t] 

disc  more  densely  punctured.     The  underside  of  thorax  has  but  few  ccau 

puneturi'S  and  these  not  deep.    Tiie  baits  of  the  surface  are  short  and  ere 

those  of  the  elytm  arising  fram  the  interstitial  pnneiures  which  tire  ti 

regularly  and  densely  placeJ.  The  middle  tarsi  of  the  male  bare  the  till 

intermediate  Joints  pubescent  beneath.     Length  .30  inch  ;  7.5  mm. 

Occun  at  Sno  Jose,  California. 


1G5 


[Horn. 


■^C-.  A.  pUoaoB,  n.  sp.  Form  ntther  oarrow,  elongaie,  piceous,  feebly 
els  S  »iog,  ptib«scenl,  leKsrufuus.  Head  very  coarsely  and  deeply  puactured 
an  <=?■  witli  lung  hairs,  c1yt)eua  wiili  two  larger  seligerous  puncluree  on  each 
sitS.  ^.  Thorax  a  lilUe  wider  tlian  long,  narrowed  behind,  sides  arcunle 
*"»  «  ^riorly.  oblique  poswriorly,  hind  augles  distiocl  but  not  prominent, 
tow'^^-^  6lii(htly  iircunte  on  each  side,  disc  moderately  con tex,  coarsely  and 
^o^^  ^ly  punctured,  llie  punclurea  rtgulnrly  placed,  surface  willi  moderately 
loi:»  ^^  hairs.  Elytra  u  liltt«  widur  than  the  thorai.  oblong,  sides  very 
sli^^-litly  arcuale,  surface  Qnely  alrinlc,  inlcrvala  flat  and  regularly  biseri- 
^t^'X^  closely  punctate,  each  puncture  witli  a  raiher  long  aeml'Crect  bair. 
'ri».«z*ras  beneath  very  coiireely  anil  deeply  punclnte,  inetasiernum  at  sides 
<5*'^^^ir~Bcly  punctate,  abdomen  at  sides  more  sparsely  punciulate.    Length  .28 

loe=Va  :  7  mm. 

■  ■-' Ills  species  is  much  more  slender  in  form  than  oMiitnt,  and  differs  also 

'•*    »-Jje  longer  hairs  of  the  surface  and  the  aculpture  of  llie  thorax  beneath. 

^*=*c  «-ta!  cbamctersas  in  oblutun. 

<:>ccurs  in  ibe  San  Joaquin  Valley,  California.    (Bliithner.) 

imaols,  n.  sp.  Oblong,  depressed,  piceoua,  feebly  shining,  pi|. 
s«;«!nl,  legs  rufiius.  Head  coarsely  but  not  deeply  puuctale.  with  short 
^,  e<;t.  Iiairs.  clypcus  with  one  setigerous  puncture  on  each  side.  Tborux 
"•■*»«*i«ler  liian  long,  narrowed  posteriorly,  sides  in  front  arcuate,  posteriorly 
"111  ique,  hind  angles  distinct  but  not  prominent,  liase  on  each  side  slightly 
**^«*aio.  disc  feebly  convex,  coarsely  hut  not  deeply  punctate,  iurbce  with 
^'^ry  short  erect  bairs.  Elytra  wider  than  the  Ibornx,  oblong  oval,  sides 
*lislirly  arcuate,  surface  finely  striate,  intervals  flat  and  rather  finely  and 
'^'os^'ly  biseriately  punct.ulale,  with  very  abort  erect  bairs.  Tbi>ras  be- 
°eu.Ui  with  a  few  coarse  punctures  in  front.  Metaslemuin  at  aides  and 
*'>*loiiien  sjiarsely  punctulate.  Hind  tibiiG  with  abort,  broad.  apatbiiUform 
^•'^wiinttl  spura.     Length  .34  ineb  ;  S.a  mm. 

I  J»«ve  BBHn  but  two  femalea  of  this  species,  wbicli  bears  considerable  re- 
*****t>lance  lo  ohluiui,  differing  in  ibe  structure  of  tbe  posterior  tibial  spurs. 
™h»s  character  is  so  remarkable  and  unespeeied  in  Ibis  genus  that  I  would 
''^^c  paraed  Ibe  a!>ecimens  as  probable  monstrosities,  but  tlie  structure  pre- 
claely  agrees  in  the  hind  libiie  of  both  specimens. 

T^wo  siiccimens;  San  Jonquin  Valley,  California  (Bliithner). 

■     -A.  bronneus  DeJ.     Resembles  picewi  in  form  but  smaller,   wilb  tbe 

I'lnd     ungles  of  the  tborax  rectangular  and  aligbtly  prominent.     I   bnvc 

_^^^r  teen  any  specimen  wbicb  agrees  with  the  description  excepting  the 

S*^  Qf  Dejean  in  Cliaudoir's  collection.    I  have,  however,  in  my  cabinet 

^  *nimature  specimen  wblcb  agrees  with  my  recollection  of  that  typo,  but 

^Hich  proves  to  be  a  Uar|)aliis  by  the  biseriately  papillneo  tarsi.     As.  the 

"^^Idui  type  is  a  female,  a  renewed  examination  is  necessary  io  prore  its 

8*ncric  position. 


l«U 


A  jAoem  Men^L    In  this  species  the  thorax  is  very  little  narrowed 
''ind.  the  posterior  angles  obtuse.    The  cljpeus  has  but  one  setigerous 
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puncture  on  each  Bide.  Tlio  punctares  of  the  elytral  iatervals  kre  rathaj 
irregularly  placed  nad  are  usually  closer  on  the  luner  side  of  tbe  intern 
than  the  ouier.     LcDgtli  .30  Incli ;  9  mm. 

This  U  the  most  cnmraon  Bpeeiesof  the  Pacific  coast.  occurriDg  fmol 
Alaska  to  the  Peoinsula  of  California  and  ihe  islands  adjacent,  it  eiteadi 
iolaud  to  Idaho  and  Utah. 


A— h.  I 


9peci<!6  ohtong  or  somRwhat  oval,  glahrous,  surface  usually  opnquo^ 
rarely  shining  (diileieollU)  or  inetAllic  {hirpaloidei),  Teruiiuftl  spur  of 
anierior  lihie  J*  5  irifid.  Posterior  larai  slender,  as  long  as  ilie  libiw.  t 
first  joint  ae  long  as  the  next  two,  tiie  fourth  joint  eniarglnate,  Elyliml 
striate,  inierraia  impuuctale,  a  distinct  dorsal  puncture,  lip  dlsiinotl/' 
sinuate. 

ifiilt.  Anterior  tarsi  broadly  dilated,  the  llrsl  four  joints  densely  pu- 
bescent beneath,  middle  tarsi  dilated  joints  2 — 3—4  densely  pubescent,  tb» 
first  with  a  small  pubescent  space  at  tip  (except  in  harpaloidtt  wlierft< 
there  is  no  pubescensc). 

Fetiiale.  Anterior  and  middle  tarsi  not  dilated  (except  in  hatpdioiMt 
and  opatuliu  where  Ihe  nnt  joint  la  broader  and  stouter). 

The  clypeus  on  each  side  has  but  one  setigeroua  puncture,  except  in  M 
honariit*  where  there  are  two. 

Thedilatationof  the  first  Joint  of  the  anterior  tarsus  of  tbe  female  la  n 
a  cbHmcter  of  great  value.  It  is  well  marlccd  in  the  two  ntiove  mentioned, 
but  teas  in  the  second  tlian  in  tlte  first.  In  duicieoUit  also  a,  alight  thicken- 
ing may  l>e  olwerred. 

Tlie  species  of  this  group  are  distinguished  in  the  following  manner 
Clypeus  with  one  seiigerouH  puncture  on  eat'li  side,  prosternum  at  tniddls 
smooth,  not  puiiesccnt. 
Surface  shining. 
Surface  with  metallic  lustre,  aeneous,  legs  and  antcnnie  pale. 

8.  hatpaloldea  Ferf& 

Surface  black,  shining,  legs  black 0.  dulolcoUle  Fcrt&. 

Surface  opaque,  very  distinctly  aluiacoous. 
Form  elongate  parallel,  Ihorai  not  narrowed  in  froni,  widest  near  IU< 

middle 10.  opAonlna  Lee 

Form  more  or  less  oval,  tliorax  narrowed  from  base  lo  n|iex.  widest  H 

base 11,  mattoiu  Say 

Clypeus  with  two  aetigerous  punctures  on  each  side,  prostcrnum  at  mlddl 
punctured  and  pubescent. 
Surface  opaque,   form  elongate,  tliomx  nearly  as  wide  at  apex  as  ■ 

base 12.  caiboiwrliiB  Sttj; 

6.  A.  haipaloldei  Fert^.     An  oblong  species,  shining,  with  grceniab  O 
bluish    metallic    surface    lustre.      The    clypeus   has    but   one   setigerOQ_^ 
puncture  on  poch  side.     Thorax  as  wide  at  hiise  ns  apex,  the  sidM  feebly 
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«-:iittc.  Elytra  Dbliing.  parallel  or  ivilh  the  Bides  Tee bly  arcuate,  BXXttoce 
a-'&le,  tiilervais  siuoi^lli  tind  Bal.  ft  (loraal  piineturu  in  lUe  usual  |Kw!lii>n. 
t?   boily  bencutli  is  smootli.    Lege  and  itntcnnffi  rufous.     Lengili  .118 — 

«ncli   ;  e— lOum. 
~~  Vie  rnal«  hutlie  anterior  tarsi  diluted,  the  llrsi  Joint  much  less  bo  tliau 
vsllipr^  and  without  pubescence  bonculb,  the  lliree  rullo\ring  Joints  are 
WKially  iiobeswiit ;  middle  tarsi  less  dilated,  first  Jolut  glabrous,  uext 
pubescent.     In  tlie  femate  tlic  first  joint  of  ilie  anterior  tarsus  fs 
r  broadly  diluted  and  thickened,  slightly  prolonged  under  the  second 
not  pulK'Scenl  beneath,  Joints  2 — 5  slander  ;  middle  tarsi  slender. 
B  reHemblanteor  Ibis  species  io//itrpaIu«oinpu(a(«»  is  worthy  of  men- 
they  are  almuet  undistinguiahable  by  euperAcial  comparison.     It  is 
rkatde  ulsi)  that  the  first  joint  of  the  anterior  taraUB  of  the  male  should 
feebly  dilated  and  that  of  tho  female  an  mucli  so. 
;ut8  in  the  Uuir  States. 


A.  dnlotcoUis  FeriiS.  Furro  somewhat  uvat,  black,  sbining,  legs 
Thomx  tiroadi^r  ul  base  than  apex  and  as  wide  as  the  elytra,  sides 
"*»-><  I  era  lei  y  arcuale,  hind  angles  oliluse,  basal  iinprcssions  moderate  and 
*"•**»  very  few  punctures.  Elytra  oval,  sides  moderately  arcnalo,  surfuce 
^^''i^tr,  inlervalB  smooth,  slightly  convex,  dorsal  puncture  distinct.  Body 
i^cneatli  smoolli,  shlnlD';,     Length  .44  inch  ;  U  mm. 

Tbe  anterior  tarsus  of  the  malt  is  normally  dilated,  the  first  Joint  pubea- 
oer»t  Leneath,  llie  middle  tarsi  nearly  as  broadly  dilated,  the  first  Joint  pU' 

Iti  ihe  female  ihc  tarsi  are  Blender,  the  first  Joint  of  the  anterior  is  hoW' 
ll^^sr  somewhat  stouter  than  In  ruilicuii.     The  elytra  are  less  shining  than 
to  «Uema1c. 

Oct-urs  in  the  Gulf  States  and  Missouri. 

^O.    A.    opacnltia  Lee.     Elongaie    oval,    siihparallcl,    black,    opuqno. 

_T"***T»x  Dol  wider  nt  base  liinn  apex,  sides  feebly  arcuate,  hind  angles  ob- 

Imsal  impressions  feeble,  aurflice  impunctate.     Elytra  oblong,  sides 

'ly  arcuntc,  surface  finely  striate,  intervals  flat,  at  apex  .3— 5— 7  with  a 

'  foebly  Impresseil  punctures,  dorsal  punctures  normal.     Body  beneath 

>tll,  shining,  legs  piccoiis.     Length  .44  inch  ;  II  mm. 

be  malt  sexual  characlers  are  as  in  daUieoUi'.     Tlie  cbaraclers  of  the 

similar  but   tho  first  joint  of  the  anterior  tarsus  is  a  liltle 

«r  bni  much  lesa  so  than  in  harpaloidfi. 

"■^vlng  seen  a  typical  specimen  of  donjii/iin  Chaud.,  I  have  no  hesila- 

in  ptadnjf  it  with  the  present  species,  the  differences  given  by  that 

•"ihoj-  ^re  certainly  more  of  an  individual  character  than  of  a  apeciflc 


A.  rtisticiiB  Say.     With  Ibis  s]>ecies  I  unite  not  only  tlioee  already 

[   •"Wtvwrf  liy  Dr.  LeCrmtc  (List  p.  12)  hut  also  merufct  Germ,  and  haplo- 

'  Chnud.     The  aectiiiiuliiilon  of  Itir^e  numbers  of  specimens  shows 


them  to  lie  insepitrable.  Cluiudalr  pmtfoses  to  separate  litaa  ton 
their  dentate  or  eiinplo  humiiri,  merula  and  pinguit  wiili  dentate  tiQ 
and  ruilKui  and  haphm-ai  with  simple  Uumeri.  Theeo  cbnmclere  o) 
by  any  means  aa  constiml  as  could  be  desired.  It  ia  true  LhaL  rorois  C 
selected  ijpirying  nbout  four  speciee.  but  ibe  vast  inaas  of  lUe  iipFOI 
nould  occupy  the  intermediate  ground.  liocality  u1so  hns  but  lillle 
with  the  variation  oxt^ipt  [bat  the  form  usually  culled  mrrulu  appears 
peculiar  to  the  Southeastern  Stales.  Length  vury  varlnble  .88 — .56 
0—14  mm. 

The  maU  has  the  first  four  Jolnls  of  the  anterior  tarsi  dilated  and  g 
cent  beneath,  the  middle  larsi  are  nearly  as  widely  dilated,  the  Drst 
very  feebly  pubescent  at  tip  only.  lu  tlie  ftmaU  tlie  anterior  ton 
aligblly  broader  than  the  middle,  lite  Ural  joiot  not  stoiilor. 

Occurs  evorywliere  in  Ihc  Atlantic  region  east  of  the  Kocky  Hona 

12.  A.  oarbonaiiiu  Say.  Form  oblong,  black,  feebly  shining 
opaque  ?.  Clypeus  with  two  seliserous  punctures  on  each  side-  Tl 
broader  at  base  than  apox,  sides  feebly  ari^uale,  hind  angles  obtuw 
truncate,  aide  margin  depressed,  broadly  near  the  base,  luise  eitemal^ 
side  margin  punctulate,  distinctly  d",  o  soletely?.  Elytra  oblong, 
nearly  parallel  t^,  or  slightly  arcuate  %'.  aurfiico  finely  striate,  InU 
slightly  convex  ^  or  Qal  9 .  Body  Ijeneuth  smooth,  shining.  Prosta 
punctured  and  with  creel  hairs,  intercoxal  process  coarsely  pun 
Length  .52  inch  :  IS  mm. 

In  the  male  tlie  anterior  and  middle  tarsi  are  dilated  and  pub^ 
beneath,  the  first  Joint  of  the  middle  pubescent  over  lialf  its  turhoa 
the  ftmale  the  cliaracters  are  as  in  rutlUiii. 

Occurs  from  the  Middle  States  lo  Colorado. 


B — a,  nigritn  Group. 


4 

rouB.    9m 


Species  oblong,  surface  either  shining  or  opaque,  glabrous. 
spur  of  onU'rior  tibia:  ^^  $  dilated  at  middle.  Fuat«rior  tanl  al^ 
nearly  as  long  as  the  tibice,  the  first  joint  nearly  as  long  as  the  116X1 
together,  Iho  fourth  Joinl  feebly  emarginale.  Elylra  striate,  odea 
finely.  Intervals  rarely  punctulate,  tip  distinctly  sinuate,  second  Btrla. 
a  distinct  dorsal  puncture.  ( 

MaXe.  Anlorior  tarsi  broadly  dilated,  the  first  four  Joinla  dal>Kl| 
be»cent  beneath,  middle  larsua  nearly  as  widely  dilated,  the  firet  Jol^ 
beacent  at  tip  only,  the  next  three  densely  pubescent  over  their  a 

^maie.    Anterior  and  middle  tarsi  slender 
pubescent  benealh, 

Tlie  elypcua  may  have  one  or  two  seligerous  punclures  <: 
number  of  species  In  the  first  series  l>eing  greater  than  the 
with  one  puncture  follow  niilurally  aQer  the  ruttif.m  groap^., 


>tin 

very  feebly  braadej 


16!) 


fkkg  epcci««  are  M  followg  : 
C)>*f>«us  on  each  side  with  one  «ctigerous  punctiite. 
Bti:xRu«  opaque,  elytm  Teebly  slrlntp,  CBpecliilly  at  tip. 

£md  rwglcfl  af  thornx  obtuse,  sides  roguktly  arcutile.  I>ase  as  wide  an 

tlioelytm 18,  inrTusLec. 

Hind  angles  of  ihoraiBlmrply  rectangular,  sides  of  Ihorax  sliginly  ar- 
L-unie  postcrlorlj'.   base  narrower  than   tbo  elyirn   (Pacific  coast 
Bpccit's). 
Inlcrcoxnl  process  and  middle  of  second  alidoruinal  seginciit  punc- 
lured,  punclures  with  short  sets.    MetHsleruum  In  Trent  and 
behind  punctured. 
TUonix    feebly    narrowed    [>n8teriorjy,   Imsiil    imiiressious    very 
feeble,  surface  entirely  punctured., -.14,  lemiputictattu  Lee, 
Intercnxal  process  and  metoslornum  smootli. 
Thomx  with  broad  but  very  shallow  basal  impressions.     ElyiiB 

broad,  sides  distinctly  arcuate 15.  conaobrtntu  Lee. 

Thorax  with  ralher  deep  linear  impressions.  Elytra  nearly  ]iaral- 

lel 10.  califomlcne  Dej.  * 

Sorrace  shining  in  lioth  sexes,  elytra  more  deeply  striate. 

Elytra)  tnterviils  feebly  convex,  quite  distinctly  but  siwrscly  punctu- 
late,  elytra  oblong,  sides  nearly  parallel,  surface  I'eehly  shining. 

IT.  Interpunotatna  Kby. 
Klytral  Inlervals  convex,  smooth,   elytra  oval,   sides  iircuute,  surface 

shining;  form  mure  robust 18.  Bgrlcola  Bay. 

^'yi^euBOn  each  side  with  two  setigerous  punctures. 
^  ind  angles  of  thorax  obtuse. 

Side  margin  of  thorax  very  distinctly  depressed  and  with  the  base 

puneliilate .li>.  Hatrlsll  Lee. 

I  Side  margin  uf  thorax  scarcely  depressed 30.  nlgenlmua  Dej. 

L  *"^S»»<l  angles  ofiUorox  distinct,  nearly  rectangular. 

^^^^^_      ^Ellylral  intervals  distinctly  but  sparsely  punctuiate,   sides   of  et}'tra 

^^^^^  nearly  straight,  subparallel 21,  nlgiita  Dej. 

^^^^H    idlylral   intervals  smooth,  shining,  sides  of  elytra  distinctly   arcuate, 
^^^^^P  form  more  robust ?3.  meluiopnB  Hald. 


or 


*>   ihis  group  belongs  A.  »ij/iiatii»  Illig..  of  Europe  and  Asia,     It  resem- 

lipunetntnt  Lee,  and  has  but  one  setigerous  puncture  on  each  side 

iypeus.    The  inlercoxal  process  is  smooth.     It  differs  from  any  of 

irsus  of  the  male 


***Ci  ciypeus.  The  inlercoxal  process  is  smooth. 
^  ^I>cciea  of  the  group  by  llie  first  Joint  of  ihe  ro 
^'*«*g  no  pubescence  benenth. 

*®-    A  forma  Lee.     Oblong  oval,   black,    ojmquc.     Clj|)eiis   with    one 

S*:rouii  puncinre  each  side.     Thorax  very  little   wider  at   base  than  at 

"^^^   sidee  feebly  arcuate,  hind  augles  obtuse,  sl<1e  margin  feebly  depressed, 

y^v^  smooth  at  uiidUte,  finely  punctured  at  base  and  sides.       Elytra  finely 

^"****'.  intervals  flat,  dorsal  puncture  normal,  surface  opaque,  more  so  in  ? . 

'y  b«iieaUi  anioolht  shining.     Length  ,44 — .■'iO  Inch  ;  11 — 13.5  mm. 

*«W(C.  .IMEn.  PHILDS.  SOC.   XIX.   107,    V.      PRIKTKD  KOVKMBER  37,   1880. 
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In  tbe  maU  tlio  anUtrinr  tnrsi  Eia^e  the  Brat  four  Joinu  Oilnied  And  pub* 
ceni  hcnouth,  the  mUUlle  nearly  as  wiJe,  tlie  flc^l  Joint  palfesconl  nt  t 
only,  tlie  folloiving  tbroe  densely  pubescent. 

TheftmalahtiBiiietursi  without  pubeBcence,  [he  anterior  a  little  brottd 
than  the  middle. 

ThisBpecicB  ■'eeembles  some  ol  Ibe  rorinsorruifi'«u<,  but  iho  group  d)«l 
nclera  readity  distinguish  it. 

Occurs  from  Georgia  to  LoiiiBiann. 

14.  A.  semlpunctatiiB  Lee,  Form  oblong,  mofiemtely  robust,  blar 
Bulxipnque.  Clypeus  with  one  seligerous  puncture  each  side,  Tlior* 
broad,  slightly  narrowed  behind,  sides  feebly  arcanie,  hind  angles  ri 
tangular  hut  not  prominent,  side  margin  narrowly  depressed,  siirfhce  pUM 
tulale,  more  densely  at  sides  and  base.  Elytra  a  little  wider  than  tl 
thorax,  llnely  striate,  intervals  Sat  and  very  ubsolelcly  punctiilals  a 
disc,  diBiinctty  punctate  at  liii,  dorsal  puncture  normal.  Hctual«mul 
at  Bide  ol>Boletely  punctured,  in  Tront  and  iKibtnd  also,  ilio  Hrsl  ventral  si 
tnent  and  prosleruum  will)  dne  pnncltires  beitring  short  scue.  Length  . 
Inch;  19.5  mm. 

Tlie  sexual  characters  are  as  Jafurtat. 

A.  timilit  Lee.  and  puneticoilU  Chnud.  are  tbe  same.  The  flrat  ot  iht^ 
names  is  somewhat  ohler  than  that  which  I  adopt  and  lias  l)een  r^eoied  fe 
Tavor  or  a  more  expressive  name,  no  injustice  being  done  to  the  nrigini 
author. 

15.  A.  conaobrlntw  Lee.    Bimtlar  to  the  preceding  but  with  the  ihor 
niuro  nannwcd  behind  and  the  hind  angles  sharply  rectangular ; 
impressions  are  vague  and  very  shallow.     The  clylra  are  aimilar, 
without  ulnolcic  punctures  on  the  intervals  and  the  sides  are  mc 
The  iKxIy  beneath  is  smootli.     Lcngili  .30  inch ;  13.5  mm. 

The  sCJtual  characters  as  \nfarruit. 

Occurs  in  California  in  the  middle  and  southern  portions. 

16.  A.  oalUbnitcua  Dej.     Resemlilcs  the  preceding  but  the  form  is  mof 
slender  and  the  thorax  less  broad  with  the  hind  angles  leas  prominent ; 
ba^al  impressions  are  mucti  deeper  and   more  sliarply  doHned  and  Lho  11 
face  much  less  densely  punctulate.    The  body  beneath  is  smooth.    Leagt 
.60  inch  ;  13.5  mm. 

While  in  the  two  preceding  species  the  sexes  are  nearly  eqnully  opaqnl 
here  the  male  is  decidedly  more  shining. 
Sexual  characters  as  itifareui. 
Occurs  in  Oregon,  California  and  Nevada. 

17.  A,   Intvcpnnctatua  Kby.     Oblong,   black,  shining  (slightly  piMilIlfl 
9).    Head  sparsely,  finely  punetulate,  clyjicus  with  one  punctu 
side.     Thorax  much  broader  than  long,  base  and  ajrex  diual,  t 
arcuate,  margin  narrowly  dcpresftcd,   hind  angles  rectangular 
nent,    basal  impressions  moderately  deep,  disc  moderately  convex,  ' 
sparsely  punctulale  at  middle,  more  densely  along  the  base  and  rido. 
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tra  obloni^,  sides  nearly  pnmllel,  raodenilely  deeply  Bi.riale.  Inlervala  feebly 
convex  and  gpnrsely  ohsotelely  piiiictulnie.  Body  be aeatli  smooth.  Length 

.48 .50  inch ;  13—13.5  mm. 

Sexutil  ebaractcra  as  ia  furvti».     The  fetnnle  is  much  less  shining  Iban 
the  iuhIc  und  llio  flue  punctuiilion  of  the  intervals  much  less  dislloct. 

Tliis  is  the  species  which  haa  beretorore  borne  tbc  name  nigril'i  and  for 
whicli  Chaudoir  suggested  llie  name  Leeontti.    The  Kirbyan  description 
nill  fit  equally  well  sillier  to  the  present  atsecies  or  the  true  nigriia  and  I 
prerer  to  adopt  the  above  name  rather  than  suggest  a  new  one. 
Occurs  in  Pennsylvania,  Viincoiiverand  Canada  (Kirbyi, 
IS.     A:    agrloola  Say.     Form  oblong,  moderately  rohust,  hlaek,  shinluir. 
Tliorskx  broad,  base  and  apex  equal,  sides  moderately  arcuate,  hind  angles 
teclAnfpilai',  not  prominent,  margin  narrowly  depressed,  basal  impressions 
well  ileflacd,  linear,  disc  convex,  surface  smooth  with  few  punctures  along 
the  liAsc  and  margin.    Elytni  sightly  oval,  strite  deep,  intervals  moderate* 
ly  convex,  smooth  and  impunciured.     Body  beneaih  sniootU.     Length 
■** — .56  iticli :  II— 14  mm. 
Sexual  cbaraclcrs  as  iafimui, 

TUia  ia  uig  utoil  robust  and  convex  spot-ies  of  liie  present  group. 
Occurs  in  Missouri,  Kanas  and  Georgia. 

10.    A.  Hanlsii  Lee.    OhUmg  oval,  black,  shining.     Ciypeas  with  two 
♦'^'Serous  punctures  each  side.    Tliorax  moderately  broad,  sides  regularly 
""^"Hte,  widest  at  middle,  hiud  angles  very  obtuse,  side  margin  depressed 
more    widely  tiehind,  disc  motlerately  convex,  median  lino  diatincl,  bossil 
"upreesions  shallow,  biunl  region  and  depresseil  marj^in  punctnhiie.    Ely- 
l"*  •*»«»lerately  deeply  striate,  inlervala  slightly  convex,  smooth.     Body 
''^*»Ui  smnoUi,  a  few  punctures  on  the  inlerciixal  process  of  the  abdomen 
'    on  ihc  front  and  posterior  portions  of  the  mclasternum.  Length  AA — 
■■*^''»«h;  11— 12  mm. 
^^ciialcliaracterBnsin/ucoitj. 
***=«=  urs  from  Newfoundland  to  Pennsylvania. 
.'    ~      A.  uigenimnB  Dej.    Thorax  moderately  convex,  side  margin  very 
'Klk%  ly  depressed  at  middle  and  not  at  all  at  tlie  basal  angles,  the  basal  im< 
"^'^»«m»  are  feelile.  shallow  and  but  little  punctulale.     The  other  cliarac- 
^  ^^^  those  of  the  preceding  aiwcies.     Length  .44  inch  ;  11  mm. 
™  ^c  iial  characters  us  in  funu». 
"*=«^«r!  in  the  New  England  and  Middle  Slates. 

~      A-nlerltaDvj.  The  description  already  given  of  infdrputfdifufapplies 
"^Bcilyto  this  tiiat  I  find  no  differences  e.\ccpt,  that  in  the  present 
"j   ^**iB  there  are  two  clypcal  punctures  on  each  side  while  in  that  there  Is 
l**«>e     Length  .50  inch  ;  ia.6  mm. 
r**Hal  characters  as  in  furvu: 
•>e  ileiermination  of  Il»e  present  form  us  the  true  niyrita  Dej.  (inttr- 
yy^cto/tut  l^f}  n  made  from  a  specimen  compared  by  Chaudolr  with 
1    "*l'»ao-s  types. 

*^<nm  in  llic  New  England  and  Middle  Slates. 
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t  dilated  nor  pubescent  b 


sctigerous  pUDCiureg  on  e&cli  std 
le  basal  impresaions  of  llie  Ihont 


a  Hald.  As  Ibe  preceding  S|)ecie8  It  parallel  with  tni 
puTKlatai  BO  is  the  presDDt  with  agrieola.  The  diffcreaces,  otlier  than  the 
drawn  from  llie  clyiieua,  are  hardly  of  sufBclent  momeiit  to  be  conridei 

speciflc,  and  it  iii  woriliy  or  note  that  ihc  prexciit  and  preceding 
difler  from  each  other  in  the  same  manner  aa  do  IT  and  IH.    Length  .58- 
,B9incli  ;  13— U  mm. 
Occurs  in  PcnnsylraDin  and  tlliuois, 

B — li,  di'irdWi'ui  Group. 

Species  obloug.  stirftici?  shining  (at  least  in  i^),  either  glabroua  or  wit 
Tor;  nne  pubescence,  variable  in  color  and  hislre.  Torminnl  spur  of  ai 
terior  tibine  dilated  at  middle.  Posterior  tarsi  slightly  flattened,  almru 
than  thu  tibiie,  the  first  joint  but  little  longer  thun  the  second,  the  Toun 
L-marginalc.  Elytra  striate,  tip  alnualc,  inlerTate  either  amootli  or  puncti 
late  alternately,  dorsal  puncture  distiaci. 

Malt.  Anterior  tarsi  broadly  dilated,  the  llrft  four  joints  pubescent  b 
ncatb.  Middle  larai  feebly  dilated,  first  Joint  glabrous,  the  next  three  fw\A 
pubescent. 

Fem'dt.  Anterior  and  middle  tarsi 
Surface  usually  less  sbiniog. 

All  the  species  of  tills  group  have  Iv 
of  the  clypouB.  except  nwalu.  In  all, 
are  well  marked. 

The  spet-ies  are  as  foHows  : 
Clypeiis  with  one  setigerons  puncture  ■ 

Color  variable,  elytra  $  RiilK>]iaque  and  often  ferruginous  with  dba 

piceoua  space.     Intervals  impunetate 33.  nivalin  n.  sp 

Clypcus  with  two  setigerous  punctures  on  each  side. 

Intervals  of  elytra  impunctate.  elytra  in  part  at  least  and  legs  iMtaceoui 

Thorax  piceous.  testaceous  at  the  sides 24.  disooldeoa  Dej 

Thorax  entirely  piceous 35.  baltimoretiala  Say 

Intervals  of  elytra  alternately  punctulale. 

Punclulatc  near  the  apex  only 30.  pllychioiw  Lee 

Punctulale  their  entire  length ST.p 

23.  A.  olvalla.  n.  sp.  Form  oblong,  moderately  elongate,  piceous.  olyio 
variable,  either  piceous  or  brownish-leslaeeous.  with  a  darkerdisCAl  spM 
and  subopaquc  9-  Head  nearly  smontb,  clyjieus  with  one  seiigeco 
puncture  each  side.  Thorax  broader  than  long,  narrowed  behind,  rid 
arcuate  in  front,  sinuate  posteriorly,  hind  angles  obtusely  rectangular,  dfej 
moderately  convex,  median  tine  dlstinei.  basal  impressions  short,  dM^ 
impressed  and  punctured,  Elytra  wider  than  the  thorax,  sides  gubpanlU 
(^  or  slightly  arcuate  Q,  apex  feebly  sinuate,  moderately  deeply  strisU 
intervals  flat,  surface  shining  (^  or  subopaque  ? ,  dorsal  puncture  n< 
Body  beneath  smooth,  first  veutral  segment  ptinetiired  at  middle. 
piceous.     Length  .:'0— .44  inch  .  0—11  mm. 


n  each  side. 


173 


X  KX  iho  M'lle  lliu  first  four  joiiiis  of  the  aoleiiur  tarsi  are  illlateil  (the  first 
joi  rft  <  [uilier  feetily  i  and  pubescent  liencntli.  middle  tnrsi  less  dilated.  lUe 
Hr^t,  joint  not  pubesceni,  ilie  next  lliroo  puUescenl.  In  \he  fenvilt  tiie  no- 
terST>rnnd  middle  turaiare  slightly  dilated  but  not  pulicscent  beneath. 

"»'  too  males  are  usually  entirely  piceous  in  color,  while  in  the  females  the 
ely"«,«T»are  brownish-t«8l«ceoua  with  a  large,  darker  discal  space.  There 
^f^  faowever  exceptions  in  both  seie«.  This  species  has  heretofore  been 
coi"  ^idered  a  Tariely  of  piiffshro'i;  lint  beside  the  clypeal  setso,  the  present 
■P^f<i^es  differs  in  llic  absence  of  pnnciures  on  the  alternate  intervals  near 
liivt    tip,  and  ihp  entire  alraence  of  any  metallic  surface  lustre. 

C><3;iira  in  Nevada,  northern  Calirornia,  Oregon  and  VancouTer. 
~-^  -  A.  diacoidetu  Dej.  Form  oblong,  moderately  elongate,  piceous. 
■'**«^'^  of  Ihorai  nnd  elytra  and  legs  testaceous.  Head  piceous,  clypcug  with 
iw-'c*  seilgeroiis  punctures  on  eacli  side.  Thom.i  very  little  wider  than 
l0Qg-_  narrowed  at  base,  aides  arcuate  in  front,  sinunle  posii'riorly,  hind 
■^'Sl^a  sharply  rectangular,  side  margin  very  narrowly  depressed,  disc 
•*»o*l^in(oly  convex,  smooth,  punctured  along  the  base,  basal  Impressions 
•  nr»«-t  and  deep.  Elytra  wider  than  the  IhoDLX.  rather  deeply  striate, 
'***s«"VHlBBlightty  convex  and  smooth.  Body  beneath  smooth,  intercoxal 
'**''^*'«a89  slightly  punctulale.     Length  .44  inch  ;  11  ram. 

Tl»e  anteriorlarBiofihenwIf  are  not  broadly  dilated  and  the  first  joint  has 
^ory   little  pubescence  at  tip,  the  middle  tarsi  are  ratlier  slender,  the  first 
J******  glabrous,  the  next  three  feebly  pubescent.     In  the /omuiff  the  antcr- 
"**■  wad  middle  tarsi  are  scarcely  broader  than  the  posterior, 
*^<i*ur3  from  Pennsylvania  to  Missouri. 

^"5.  A.  balUmoreuBla  Say.  Piceous,  legs  and  elytra  pale,  the  latter  with 
"**■"*< •frdisciil  cloud.  Form  and  general  characters  of  iliieoideua  bat  more 
"^t»»-«iased  and  less  shining.     Length  .30— -■10  inch  ;  9—10  mm. 

Tt>e  anterior  and  middle  tarsi  of  the  tnaie  are  more  broadly  dilated, 
"•■'•^scuiae  the  se»nal  cliaiucturs  are  as  in  diieoide'it. 

'   a^lopi  Of  raiher  retain  Say's  name  for  this  species  in  preference  to  the 
**  ^^•s*-  one  of  Pabricius.     I  can  see  no  advantage  in  respecting  priority  in  a 
****<*   of  this  kind,  as  the  older  nome  carries  with  it  on  erroneous  locality. 
*-*«;«nra  nearly  everywliere  in  the  Atlantic  region. 

®^-  A.  pitychrona  Lee.  Form  of  the  preceding,  but  a  little  more  con- 
'wilh  the  surface  varying  from  violaceous  to  greenish,  the  general  color 
Thorax  similar  in  fonn  to  ialtimoreniit  but  less  broad,  a  little 
Dvex  and  usuully  leas  punctured  at  hase.  Elytra  also  similar  in 
****>  but  more  parallel,  the  siriie  Une,  the  Intervals  Sat  and  at  apex  3 — 1—6 
^^  ■Ibtinctly  punctured.  Body  benenlh  and  togs  piceous.  Length  .84 — 
"^   *Hch;  8.5— B.Smm. 

^^xual  cliaraclersas  in  baltintoreniU. 

^^osely  related  to  the  next  species,  but  differs  In  the  punctuation  of  the 
l^y^f*!  intervals  and  by  the  smooth  head  and  absence  of  coarse  punctures 
**>n>  the  apex  of  the  thorax. 

^wurs  ftom  Colorado  westward  to  California  and  Oregon. 
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27.  A.  poroBua  MutBcli .  Porrn  of  baltimorentii,  piceous.  surface  wl 
metallic  lasire  varying  from  violaceous  lo  green,  noad  coars«l>-  pUQCtui 
above  the  eyes.  TKorai  usually  coiirsely  punctured  along  the  baaal 
apical  margina,  tUo  lilrid  angles  reciAngular,  usually  prominent.  Elyt 
eirongly  ainuale  ai  apex,  tbe  striie  fine,  the  alternate  inlervatB  uBtially  nwi 
cuDVex  and  iui punctured,  llie  Hil  inlerrals  |3 — i—0)  punctured  from 
In  apex.     Length  .36— .43  inch  ;  9—10.5  mm. 

Sexual  chanicterB  as  in  baltimortniii. 

It  will  be  observed  in  thie  Hpecies,  thai  those  forms  In  which  the  elytr 
intervals  are  decidedly  alternaling  in  convexity  are  females.  The  punCl 
alien  of  ilie  flatter  intervals  varies  from  very  fine  lo  rallicr  coarse,  wU 
there  are  specimens  in  whicli  the  convex  intervals  lire  punctulaW,  but  le 
than  tbe  flai  ones.  By  this  explanation  It  will  be  easy  lo  account  for  \M 
numerous  synonyms. 

In  recently  coltected  specimens  the  fine  punctures  at  tlie  flat  lal 
bear  short  hairs. 

I  have  placed  H'lrpahis  alUrnant  Hutsch.  as  a  probable synnnym,  ancB 
would  have  adopted  this  name  for  tbe  species  hod  I  been  absolutely  cerbk- 
of  the  correctness  of  this  course. 

Occurs  from  New  Mcjilco  to  Oregon,  following  the  distribution 
noticed  in  many  other  species. 

C — a,  amaroidet  Group. 
6|>ecics  slightly  oval,  Araara-Wni!,  surface  glabrous  and  variously  cell 
usually  with  slight  metallic  lustre.    TermI  nitl  spur  of  anterior  tibia  sit?  ■ 
der.     Posterior  tarsi  variable.     Elytra  sinuate  at  tip,  striate,  dorsal  pur*' 
ture  distinct. 

Malr.  Anterior  tiirsi  rather  broadly  dilated,  the  flrst  four  join  Is  dens^^ 
pubescent  beneath.  Middle  tarsi  less  dilated,  tlie  Srst  joint  entirely  glabr^^ 
in  eotwit  or  with  slight  pubescence  at  tip  in  the  oilier  two  species,  t^^ 
next  three  joints  pubescent  t)enuath. 

Fenalt.  Tarsi  slender  not  pubescent  beneaili,     Elylra  less  sliining 
the  male. 

There  is  but  one  setigerous  puncture  on  each  side  of  [he  clypeus  Ifl  tt 
group. 

The  species  are  as  follows  ; 
Posterior  (arsi  slender,  the  Hrst  joint  fully  equal  to  the  next  two.    HcM 
lernum  at  sides  and  inlercoxal  process  smooth. 
Thorax  scarcely  wider  at  base  than  npex,     First  Joint  of  middle  tart" 

if  glabrous  beneath.    Spsoles  oblong £8.  Uetna  D«i^ 

Thorax  broader  at  buse.  as  wide  as  the  elytra.    Flnt  Joint  of  mW0 

tarsus  (5^  pulNiseoot  nl  tip,     Biiecies  oval £9.  cOBOtuS*'.' 

Posterior  tarsi  distinctly  duttuned,  tbe  drat  Joint  shorter  than  the  next  lir' 
Metasternum  at  sides  and  intercoxal  process  punctato^ 
Bides  of  thorax  behind  nearly  parallel,  hind  ang1e«  reciangulnr.    Hid' 
lareus  of  male  with  flrst  Joint  very  slightly  pubesceni  at  lip. 

30.  amatoldM  Le?''' 
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38.  A.  laetua  Dcj,  Oblung.  modemlely  elongale,  [mrallel,  piteous  wilh 
■i«neous  metallic  surface  liutre.  narrow  ma rgln  oniiomx  andelytm  and  legs 
testkccouB.  Head  sraootli,  clypeua  willi  une  seligeroUB  puncture  on  each 
side.  Thoras  broader  llian  long,  aides  regularly  nrcunte,  hind  anglus  iliB- 
ttnct,  base  a  little  wider  than  apen,  margin  narrowly  dopressed  aud  pale, 
disc  sllglilly  convex  wilh  few  puncturea  near  the  Imse,  baaal  impressions 
tllstinci  but  feeble.  Elytra  ralbur  broadly  Biriale,  iniervals  fiai,  smooth, 
ntore  sbining  In  tlie  male,  aiKX  feebly  siuuate,  side  margin  narrowly  and 
(.*pipleunti  liale.  Body  beneath  smootb,  shining,  picoous,  abdomen  Bomewhnt 
imler.     Length  .32— .34  iuch  -.  8—8.5  mm. 

Ttiv  mate  has  Ihe  anterior  tarsi  rather  broadly  dilated,  the  first  four  joints 
l>ut>c«ccnl  beneath,  tiie  first  at  tip  only,  middle  tarsi  feebly  dilittcd,  the  first 
Joint  wilh  a  small  pubescent  space  at  tip,  the  next  three  fully  pubescent. 

It>  tlie  femaU  tlie  InrsS  are  all  slender. 
Ootnre  in  wiutliem  New  Jersey,  Georgia  and  Texas. 
3D.  A.  oomius  Say.  Oval,  formof  ruHicu;  piceouB,  moderately  shining, 
»urr«n?o  wilh  feehic  metallic  lustre.  Head  smooth.  Thorax  broad,  nar- 
tnw^ti  in  rn>nl,  aides  moderately  arcuate,  hind  angles  rectangular,  side 
■""•"Kin  very  narrowly  depressed  in  front,  more  widely  posteriorly,  disc 
((■'^dentely  convex,  busai  impressions  broad  and  shallow  and  sparsely  punc- 
t°lal«.  Elytra  striate,  iDlervals  dat.  smooth,  more  shiniug  in  the  male, 
apex  leobly  sinuate,  eplpleuree  usually  pater.  Bixly  beneath  smooth, 
pice^jtii,    Pemom  plceous,  tibia;  and  Uirsi  paler.    Length  .33  inch  ;  8  ram. 

^xua]  charscteni  as  in  lartui,  except  that  the  lirst  joint  of  middle  tarsi  of 
"^'l*?   is  entiiely  glabrous  beneath, 

***^curs  in  the  Middle  Stales  region, 

80.  A.  amaroldes  Lee.  Oblong  oval,  piceous,  inixleralely  shining,  Bur^ 
laoe  with  feeble  metallic  lustre,  violaceous  to  greenish.  Head  snionth. 
^'*t^x  broader  tlian  long,  narrower  at  ajwi,  sides  in  front  moderately 
•'^ttnte.  posteriorly  straight,  parallel,  hind  angles  sharply  rectangular, 
''*'""Kin  narrowly  depressed,  more  widely  posteriorly,  disc  moderately 
""••^C'ly  siHtrwIy  punctulnte  in  front,  raoro  densely  at  base,  basal  impres- 
"ona  moderately  deep.  Elytra  si riaie,  intervoU  flat,  smooth,  moresbining 
*  'he  ninle.  apex  distinctly  sinuate.  Body  beneath  plceous.  Inlercoxal 
'''"^**^'s«  and  sides  of  motasternum  punctate.  Legs  plceous.  Length  ,88— 
■'*'  'ocU;  9— 11.5  mm. 
,     •^•»«!  sexual  characters  are  as  in  taeluii,  the  first  joinl  of  middle  tarsi  r? 


C — b,  lerkeui  Group. 
^t**>cle8  oblong,  black,  opaque,  densely  punctulale,  finely  pul)escent. 

'^'•'inal  spur  nt  anterior  tibls  slender.    Posterior  Ursl  slender,   nearly 
■*  lo^^  us  the  libi*.  the  first  joint  as  long  aa  the  next  two.     Elytra  sinuate 

^*t>,  striate  hut  without  distinct  dorsal  puncture. 
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Male,  Anterior  tarsi  dilated,  the  first  four  joints  densely  pubesce 
beneatli.  Middle  tarsi  dilated,  the  first  Joint  pubescent  over  its  entire  su 
face,  the  next  three  densely  pubescent. 

Female.    Tarsi  slender,  not  pubescent  beneatli. 

The  clypeus  has  but  one  setigerous  puncture  on  each  side. 

One  species  occurs  in  our  fauna  : 
Thorax  as  wide  at  base  as  apex,  hind  angles  rounded,  intervals  of  elyt 
alternately  with  coarser  punctures,  irregularly  placed.     Femora  bl: 
tibia;  and  tarsi  pale 81.  BertoeoB  Har 


31.  A.  sericeua  Harris.     Oblong,   black,  opaque.     Head  sparsely  puo 
tate.     Antennae  rufous.     Thorax  broader  than  long,  apex  and  base  eqi 
sides  regularly  arcuate,  hind  angles  rounded,  disc  feebly  convex,  surfa 
sparsely  punctate,  more  densely  at  base  and  near  the  sides.     Elytra  striat 
intervals  slightly  convex,  densely  punctulate,  each  puncture  with  a  sh( 
hair,  apex  sinuate,  the  alternate  intervals  with  coarser  obsolete  punctui 
Body  beneath   black,   opaque.      Femora  piceous,   tibiae  and  tarsi  pa        le. 
Length  .40  inch  ;  10  mm. 

The  anterior  and  middle  tarsi  of  the  male  arc  dilated,  the  first  four  joii 
pubescent,  tlie  first  joint  over  nearly  its  entire  surface.  In  the  female  tb 
tarsi  are  slender. 

Canada  and  Middle  States  to  Nebraska. 

In  addition  to  tlie  species  described  in  the  foregoing  pages  the  follow^^ng 
has  been  described  : 

Dirhirus  pallidas  Motsch.  Elongatus,  parallelus,  pallidus ;  cap^ite, 
thonicc  elytrorumque  medio  infuscatis  ;  mandibulis  robustis  ;  thorace  ^^ub- 
quadrate),  postlce  aiigustato,  angiilis  posticis  obtusis  ;  elytris  thorace  d'^j^plo 
longioribus,  striiitis,  interstiliis  impunctatis  ;  pedibus  ciliatis.  Long  2^  lin. 
— lat.  1  lin. 

In  addition  the  following  diaracters  are  given  : 

Tliere  is  no  puiictiiation  nor  pubescence  on  the  upper  side  of  the  iJ-^^^y* 
The  thorax  is  square,  narrowed  bciiind,  the  surface  transversely  rugvB-^^^^* 
On  each  side  of  the  base  is  a  rounded  shallow  impression. 

Tliesc  characters  seem  to  indicate  that  the  species  is  not  a  DS^^  *iru* 
(group  A — a)  but  that  it  is  probal)ly  more  closely  alHed  to  and  po^^^*"  ^ 
merely  an  immature  form  of  ^1.  pityi-hrous  Lee. 

It  occurs  in  California. 

Synonymy  and  Biblioguaphy. 
A.  Btrenuus  Horn,  *Trans.  Am.  Ent.  Soc.,  1868,  p.  130. 

A.  dilatatus  Dej.,  Species  iv,  p.  241. 

/m>aw^//»  Men.,  Bull,  Ac.  Petrop.,  ii,  1844,  p.  61. 
A.  obtusuB  Lee.,*  Ann.  Lye,  v,  p.  185. 
A.  pilosos,  n.  sp.* 
A.  immanls,  n.  sp.* 
A.  brunneuB  Dej.,*  Species  iv,  p.  239. 
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.  piemu*  Mm.,  Bull.  Aatd.  Peiri>|).,  ii,  l»H  |i.  61. 
6r»rtnrM  {  Honti..  Dull.  Mosc.  1943.  Ii,  p.  312. 
rfU<Hu*  Hou..  Bull.  Hoftc,  IfrlS,  iv.  p.  344. 
irrefultin'*  MutB.,  \oc.  dt.,  p.  845. 
parall«lut  IjCC*  Aud.  Lye.  v,  |>,  1H4. 
.  harpaloidM  ¥rnf.  Ann.  Ent.  Sim:.  Pr.,  1841.  p.  208. 
.  a«lclcoUta  Feri^.-  Rev.  Ziwl.,  1841.  p.  44. 

atUptieui  Lcr.,»Ann.  Lye  iv,  p.  284. 
.    opactUtu  Lee,"  New  Siiecies,  1383,  p.  Ifl. 

eltnyat'it  Cliaiid  ,"  Rev.  Mng.  Zool.,  18118.  p.  18. 
.-  matictw  Ssy,  Tnins.  Aui.  Pliil.  Soc.,  ii,  p.  83;  Lee.  Aim.  Lye.  iv,  | 
MitU  Dej.,  SpocieB  i*.  p.  1.18. 

iMT-xla  Oemi,,  Ins.  b\iw.  nov..  p,  34  ;  Dej,  Spcciea,  iv,  p.  155. 
flnsruix  Lee..*  Ann.  Lye,  iv,  p.  aiil3. 
era««*  Lee..*  I<)c.  cit.,  p.  382. 
f/vmidut  Ukc*  lite,  dt.,  p.  383. 
liiililomui  Cliuud..*  Rev.  Mug,  Z.<o1..  1868.  p.  18. 
"    varboiutria*  Say.  Tmns.  Am.  Philos.  Soe..  <i,  p.  33. 
lufluo*«»  DeJ.,  S]ieciea  iv,  p.  lol. 
mjtptinmi  Lee,"  Ana.  Lye  ,  iv,  p.  381. 

-  Cnmu  Let'..*  Now  Species.  1668,  p.  14. 

-  aamlpnnctstus  r.*c.,*  Proc,  AcsJ.,  1951),  p.  88. 

fimilii  L<^,.»  Ann.  Lye.,  v.  p.  183. 
ji«nrii>..((i>(.'liaii(1.."Ri>v.  Mng.  Zoo].,  1808,  p.  II. 

-  coiuobiliina  Lee,"  Ann.  Lye.,  v,  p.  183. 

trericollU  Lw.,"loc.  eit. 
•  OalUoralciu  l>ej.,"S|M'elcaiv,  p.  148. 
r-..n/r.»«»  [,ee,."  Ann.  Lye,  v.  p.  183. 

-  tajterpuuctatna  Kby.,  Fauna.  Dor.  Am.,  Iv,  p.  42,  pi.  7,  Ag  S> 

nisfrita  i  Lee."  Ann.  Lye.,  Iv,  p,  37i> ;  New  Bpeciefc  1888,  p.  IB 
UtonUi  \  Cliiiud.,  Rev.  Hng.  Zool.,  1868,  p.  11. 

-  ■•encoU  dny  ,  TninH.  Am.  Philus.  Soc.,  ii.  p.  83. 

jiitrailattu  Hftlil.,"  Proc.  AcAd.,  i.  p.  803. 
•(n'.rifu  Lee."  Aiin.  Ljc.  iv,  p.  380. 

^Urrtail  Ijjc."  Now  8|xcien.  1863,  p.  14. 

"UgBnimw*  Dcj.."  Species  V,  p.  843. 

taticoflU  Kliy,,  Paunn  Bor.  Am.,  iv.  p.  43. 
finnaulatin  Lee.,*  New  Species,  1883,  p.  14. 

"  tUcrtta  DeJ,.*Si)ecies,  iv.  p.  140. 
inUrjiuiutatut  X  Lee."  Ann.  Lye 
^»oc,  kXKJu  i-uii.w.  HOC.  SIX.  107.  w 
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A.  melanopua  Hald.,*  Proc.  Acad.,  i,  p.  802. 
agricola  %  Lee.,*  Ann.  Lye,  iv,  p.  279. 

A.  nivalis,  n.  sp.* 

A.  dlsooldeua  Dej.,^  Species  v.  p.  831. 

A.  baltlmorenBlB  Say,  Trans.  Am.  Philos.  Soc.,  ii,  p.  83  ;  DeJ.  Sp.  iv,  p.  18 
JBaneta- Cruris  Fab.,  Ent.  Syst.  Suppl.,  p.  58;  Scliaun).  Stett.   2^it 
1847.  p.  47. 

A.  pltyohroua  Lee,*  Proc.  Acad.,  1861,  p.  389. 

A.  poroBUB  Motsch.,  Bull.  Mosc.,  1845,  iv,  p.  844. 
ftffttooit  Motech.,*  Bull.  Mosc,  1859,  iii,  p.  188. 
ehakeus  Lee.,*  Col.,  Kansas,  1859,  p.  2. 
alt&rnans  Lee.,*  Ann.  Lye,  v,  p.  184. 
mridenceM  Lee  ,*  Proc.  Acad.,  1861,  p.  339. 
rudis  Lee.,*  New  Species,  1863,  p.  15. 
Lecontei  Harold,  Catalogus,  p.  256. 
f  alternans  Mols.  (Harpalus),  Bull.  Mosc,  1845,  iv,  p.  348. 

A.  laetua  Dej.,*  Species,  iv,  p.  154. 

A.  coenua  Say,  Trans.  Am.  Philos.  Soc,  ii,  p.  34  ;  Dej.  Species,  iv,  p.  IJ 
subcBrheuB  Lee,*  Ann.  Lye,  iv,  p.  285. 
obsettrui*  Loc.,*  loc.  cit.,  p.  280. 

A.  amaroides  L<'c.,*  Ann.  Lye,  v,  p.  184. 

A.  sericeuB  Ilarr.,*  N.  E.  Farmer,  182«,  p.  177. 
fi?nora(iis  Dej.,  Species,  iv,  p.  224. 

A.  (Dic^aru'*)  pallidus  Mots.,  Bull.  Mosc,  1859,  iii,  p.  137.  Unknown  toir 

Species  marked  *  are  those  of  which  I  liave  studied  the  type  or  a  S]>e- 
men  carefully  compared  therewith. 


Critical  noU><  on  the  Species  of  Selenophorus  of  the   United  Siat^x.     ^ 

Oeor(/e  H  Horn,  M.  D. 

(Head  before  tlu  Ainerit^an  Philosophical  tiocietji,  Nov.  ^Hh,  1880.) 

Witiiout  wishing  at  the  prasent  time  to  discuss  the  question  of  the  val' 
ity  of  Selenophorus  as  a  genus  distinct   from  Ilarpalus,  I   will  only  ste 
that  no  characters  have  yet  been   given   which  are  permanent  in  all  t 
species.     Nevertheless  it  seems  to  be  at  least  a  well  defined  group  in  whi 
there  are  three  series  of  punctures  or  foveoUe  situated  on  the  second,  fiC 
and  seventh  elytral  striflD,  a  character  which  suggests  a  similar  division 
species  in  Plerostichus. 
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Ttke  only  work  in  which  the  species  of  this  genus  has  been  treated  as  a 
whole  is  by  M.  Putzeys  (Stettin  Zeitschrift,  1878,  pp.  1—73),  whose arrange- 
'^^'^t.  even  with  our  small  number  of  species,  I  have  been  unable  to  follow, 
tbe  primary  division  being  rather  inexact  and  the  secondary  characters  not 
®*®y  to  be  perceived.  There  seems  also  to  have  been  a  tendency  to  exag- 
gerjito  the  importance  of  differences  which  are  either  individual  or  local 
^^^  tlie  number  of  species  unnecessarily  increased. 

®**^oe  the  reception  of  the  above  mentioned  paper,  material  has  gradually 
^^'^  accumulated  in  our  cabinets  from  all  parts  of  the  country,  which 
sno^Ws  clearly  that  the  species  have  a  very  wide  range  of  distribution,  and 
the  variations  between  widely  separated  localities  are  well  marked,  while 
tile  ^ifierences  become  evanescent  in  intermediate  localities. 

-^11    the  species  belong  to  the  Atlantic  fauna,  several  however  extend 
throii^]i  Arizona  to  the  Peninsula  of  California,  but  none  occur  in  the 
fTue  I^acific  fauna,  that  is  from  San  Diego  northward. 
^^e  following  table  gives  in  brief  the  characters  separating  the  species 
ized  in  the  subsequent  pages  : 

mum  obtuse  at  tip,  not  margined, 
foies  with  bronzed  surface  lustre. 
I  n  tervals  of  ely tra  smooth,  not  pubescent,  eighth  stria  not  distant  from 
margin. 
lElytra  at  tip  feebly  sinuate,  the  outer  interval  punctulate. 

Elytral  punctures  large,  almost  foveolate palliatus  Fab. 

Ely tral  punctures  very  small pediculariuB  DeJ. 

£lytra  at  tip  strongly  sinuate,  the  outer  angle  subdentate. 

Outer  interval  not  punctulate fktuuB  Lee. 

^  Intervals  punctulate  and  pubescent,  eighth  stria  more  distant  from  the 

margin  than  from  the  seventh breviusculus,  n.  sp. 

■oies  black  above,  more  or  less  iridescent. 
iOT&x  as  wide  or  wider  at  base  than  apex. 

Outer  interval  punctulate opalinus  Lee. 

Outer  interval  not  punctulate gagatinus  DeJ. 

"Xhorax  distinctly  narrowed  at  base. 
Hind  angles  obtuse. 

Marginal  interval  punctulate iripennlB  Say. 

c>  Hind  angles  rectangular  and  prominent subtinGtUB  Lee. 

\P^"^mum  horizontal,  tip  slightly  prolonged  and  margined, 
^orax  not  broader  at  base  than  apex. 

^orm  rather  narrow,  elytral  punctures  foveolate foBsulattiB  Dej. 

^orm  broader,  elytral  punctures  small ovalis  Dej. 

lorax  broader  at  base  than  apex,  sides  nearly  regularly  arcuate  from 
base  to  apex ellipticuB  Dej. 

»l»,^^^e  characters  above  given  seem  sufficiently  plain  to  need  no  comment. 

Jr^^have  been  no  differences  observed  in  the  clypeal  setigerous  punctures, 

^lie  species  having  but  one  puncture  on  each  side.     The  males  have  the 

^^lior  and  middle  tarsi  moderately  dilated,  with  two  series  of  squamiform 

^Ml»  on  the  first  four  joints. 


Horn.]  180  [Nov.  5 

8.  psiliatiui  Fabr.  Piceous,  legs  pale,  upper  sur&ce  shining,  bronied. 
Thorax  equally  wide  at  base  and  apex,  sides  feebly  arcuate  In  front,  hlo^ 
angles  distinct,  nearly  rectangular  but  not  prominent,  basal  impresskMu 
moderate  and  with  very  few  punctures.  Elytra  a  little  wider  than  th< 
thorax,  oblong  oval,  very  feebly  sinuate  at  tip,  finely  striate,  strlsB  d— 9— "i 
each,  with  rather  large  punctures,  the  marginal  interval  finely  punctnlaU 
and  pubescent    Length  .28— .82  inch ;  7—8  mm. 

With  this  species  I  unite  laesu$  Lee.,  which  differs  only  in  baring  thi 
dorsal  punctures  a  little  smaller.  It  is  the  largest  species  of  the  bronsed 
series  in  our  fkuna. 

Occurs  from  Florida  to  the  Peninsula  of  California. 

8.  padloiilaiiiui  DeJ.  Oblong  oval,  piceous,  shining,  sur&ce  bronxed 
legs  pale.  Thorax  a  little  broader  at  base  than  apex,  sides  arcuate,  hind 
angles  obtuse,  disc  moderately  convex,  basal  impressions  almost  entlreljj 
obliterated.  Elytra  scarcely  wider  than  the  thorax,  finely  striate,  IntervaL 
fiat,  smooth,  the  marginal  finely  punctulate,  strise  2 — 5—7  with  fine  pone 
tures,  apex  feebly  sinuate.    Length  .20— .26  inch ;  6 — 6.5  mm. 

With  this  species  I  unite  troglodytes,  aereua  and  puelltu.  It  is  possible  li 
a  large  series,  such  as  I  have  now  before  me,  to  select  forms  which  wil 
agree  in  every  particular  with  the  descriptions  of  Dejean  and  Putzeys,  bn 
they  are  not  species  and  do  not  deserve  the  name  of  varieties.  5.  irogliot 
dyie$  is  more  convex  and  the  sides  of  the  thorax  a  little  more  arcuate,  thi 
vast  majority  of  these  are  females.  The  marginal  punctatlon  is  said  b^ 
Putzeys  to  be  without  pubescence  ;  tliis  is  not  true  in  any  well  preservec 
specimen.  The  description  of  pueWin  shows  no  cliaractcr  wliatever  of  i 
specific  nature.  The  aereua  Lee.  is  placed  by  Putzeys  in  another  series  ii 
which  tlie  tarsi  are  said  to  be  long,  but  aftor  a  careful  study  of  this  character 
I  find  it  entirely  deceptive  and  not  of  the  value  already  observed  in  Ania 
odactylus.  The  posterior  tarsi  in  all  the  bronzed  species  are  somewha. 
broader  than  in  the  iridescent  si)ecies,  but  their  lengtli  as  compared  witi~ 
the  tibisQ  is  the  same. 

I  cannot  understand  why  Putzeys,  after  placing  puellua  next  after  pedie- 
ularifis  (12)  and  troglodytes  (1*^)  in  the  tiible,  should  place  it  as  55  nea 
aeretis  ( 56)  in  the  text. 

Occurs  from  the  Middle  States  to  Kansas,  Florida  and  Arizona. 

8.  fistuuB  Lcc.  Closely  resembles  the  preceding  but  more  slender  ii 
form.  The  thorax  is  less  transverse,  somewhat  narrowed  behind,  the  hin» 
angles  distinct.  The  elytra  are  similarly  sculptured  but  the  marginal  intec 
val  is  entirely  impunctulate  and  consequently  not  pul>escent,  the  apex  i 
strongly  sinuate,  the  outer  angle  of  the  sinuation  quite  prominent.  Lengtl 
.20— .24  inch  ;  5—6  mm. 

This  species  is  usually  darker  in  color  than  pedieularius  and  more  shining 

In  this  species  Zimmerman  (Trans.  Am.  Ent.  Soc.,  1869,  p,  247.)  recog 
nized  parumpunetatus  DeJ.,  and  from  tlie  comparisons  made  by  Putzeyfl 
I  am  inclined  to  think  ttiat  view  correct,  but  not  having  types  of  Dejean' 
species,  cannot  say  so  definitely. 

Occurs  in  the  Gulf  States. 
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>.  T>reviuaciilii8,  n.  sp.  Oval,  slightly  oblong,  fades  robust,  piceous, 
fMle,  surface  feebly  shining  with  distinct  bronze  lustre.  Head  punc- 
t,  rugulose  at  the  sides  above  the  eyes.  Thorax  broad,  apex  and  base 
«<].\i.^]^  sides  rather  strongly  arcuate,  basal  angles  broadly  rounded,  base 
fee"k>l3r  emarginate  at  middle,  disc  convex,  sides  slightly  depressed  pos- 
teriox-ly,  at  middle  more  shining,  finely  transversely  wrinkled,  in  front  finely 
pixn.<5t.ulate,  at  base  and  sides  densely  punctate  and  opaque.  Elytra  not 
■^i^^r  than  the  thorax,  scarcely  one- third  longer  than  wide,  sides  moder- 
ately arcuate,  apex  scarcely  at  all  sinuate,  moderately  deeply  but  finely 
*^*"ijate,  intervals  flat  and  irregularly  but  finely  biseriately  punctulate  and 
pixl>^scent,  serial  punctures  very  fine  and  indistinct,  eighth  stria  distant 
froxxk  ^he  margin.  Body  beneath  feebly  shining,  abdomen  sparsely  punc- 
tate  and  with  short  pubescence.  Legs  testaceous,  middle  and  posterior 
tibiae  slightly  arcuate.     Length  .26  inch  ;  6.5  mm. 

Tliis  gpecies  is  evidently  allied  to  erassluseulus,  curvipes  And  arcuatu$, 
^^^ioli  Putzeys  unfortunately  omits  from  his  synoptic  table.  It  is  very  dis- 
^*^<^t  from  any  other  in  our  fauna  in  its  general  aspect  as  well  as  by  the 
-cli^x^cters  above  given. 

^^ne  specimen  in  my  cabinet  from  Fort  C-obb,  Indian  Territory,  collected 
^y   I^r.  Edw.  Palmer,  another  in  Mr.  Ulke's  cabinet, 

-  opalinuB  Lee.     Oblong,  black,  surface  rather  brilliantly  iridescent. 
smooth,  a  foveate  puncture  more  or  less  distinct  on  each  side  of  the 
Thorax  broader  than  long,  base  as  wide  as  apex  or  a  little  wider. 
feebly  arcuate,  margin  narrowly  depressed  and  translucent,  disc  feebly 
^  _,  surface  sparsely  indistinctly  punctulate  along  the  base,  hind  angles 

^^^ixict  but  obtuse.     Elytra  a  little  wider  than  the  thorax,  sides  imrallel  c?' 
J^*"    ^^ightly  arcuate   $,  apex  feebly  sinuate,  surface  rather  deeply  striate, 
^_  3^^^^*^^  slightly  convex,  more  so  at  aiiex  and  sparsely  indistinctly  punctu- 
•   serial  punctures  distinct  but  not  large,  outer  interval  very  distinctly 
^^^tc  but  not  pubescent.     Body  beneath  shining,  abdomen  sparsely  in- 
•-ixctly  punctulate.     Legs  rufo-testaceous.     Length  .36 — .40  inch  ;  9 — 10 


^i 


t>i 
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is  is  our  largest  species  of  the  iridescent  scries. 
^xurs  fh>m  Wisconsin  and  Michigan  to  Florida  and  thence  westward  to 
Peninsula  of  California. 

^  gagatiniia  Dej.    More  slender  and  parallel  than  opalinus  as  well  as 

convex.     The  surface  is  also  less  iridescent,  the  thoracic  margin  ex- 

ely  narrow  at»d  not  translucent.     The  punctures  of  the  elytral  intervals 

scarcely  visible,   while  the  marginal  interval  is  absolutely  smooth. 

ora  piceous,  tibiae  and  tarsi  paler.     Length  .30  inch  ;  7.5  mm. 

A      ^  ^  this  species  I  refer  some  specimens  collected  by  me  in  early  Spring  in 

^.    ^^ona  which  are  probably  immature.     The  head  and  thorax  are  rufo- 

^^^^ous  and  the  elytra  more  finely  striate  than  in  the  normal  form.     I  am 

^^^^illing  to  separate  them  until  more  mature  specimens  are  seen. 

^Xitzeys  states  in  error  that  the  prosternum  is  margined  in  this  species. 
Occurs  from  Massachusetts  to  Texas. 
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S.  iripenniB  Say.     Thorax  broader  than  long,  very  distinctly  narrow< 
posteriorly,  hind  angles  distinct  but  obtuse,  margin  narrow  and  slightl^^  — 
translucent,  disc  smooth  with  few  fine  punctures  in  the  vague  basal  i 
pressions.     Elytra  broader  than  the  thorax,  sides  feebly  arcuate,  a 
scarcely  sinuate,  surface  striate,  strise  obsoletely  finely  punctulate.  inte 
flat,  very  obsoletely  finely  punctulate,  the  marginal  usually  distinctly  pun 
tulate.    Legs  testaceous.    Length  .26  inch  ;  6^5  mm. 

The  narrowing  of  the  thorax  behind  in  this  species  is  quite  well  mark) 
so  that  it  resembles  in  form  certain  Bradycellus. 

Occurs  from  Illinois  to  Georgia  and  Texas. 

In  the  synoptic  table  given  by  Putzeys,  opnlinus  and  gagtinus  are  pla 
in  a  series  in  which  the  tliorax  is  said  to  be  "narroweil  behind  withoi 
prominent  angles,"  while  in  the  description  the  fonner  is  said  to  have 
square  thorax  equally  narrowed  at  apex  and  base,  while  the  latter  is  8a= 
to  be  narrowed  in  front.     They  are  also  widely  separated  in  the  body 
his  paper  with  thirty  one  species  between. 

S.  BubtiiictuB  Lee.     Closely  resembles  iripennis,  but  the  thorax  is  mi 
narrowed  posteriorly  and  the  hind  angles  sharply  rectangular  and  slight 
prominent.     The  outer  elytral  interval  is  very  narrow  and  smooth.    Le 
pale  rufo- testaceous. .  Length  .24  inch  ;  6  mm. 

One  specimen  ;  Louisiana. 

S.  foBsulatuB  Dej.     Oblong,  depressed,  black,  surface  with  silken  lust- 
Thorax  broader  than  long,  base  and  apex  equal,  or  the  former  sligh. 
narrower,  sides  regularly  arcuate,  hind  angles  rectangular,  not  promine 
Elytra  very  little  wider  than  the  thorax,  sides  feebly  arcuate,  striae  V( 
fine,  serial  punctures  large  and   foveolate,  apex  feebly  sinuate.     Body 
neath  and  legs  piceous,  shining,  tibiju  and  tarsi  usually  paler.     Length 
inch  ;  6  mm. 

This  species  is  the  least  oval  of  this  group  and  is  easily  known  by 
thorax,  elytnil  punctures  and  lustre. 

Occurs  in  Georgia  and  Florida. 

S.  ovalls  Dej .    Oblong  oval,  depr'^ssed.  black,  subopaciue.     Thorax 
the  base  and  apex  nearly  c([\m\  or  very  little  broader  at  base,  sides  repi^' 
arcuate,  hind  angles  rectangular,   not  prominent.     Elytra  a  little  bfo 
at  base  than   the  base  of  the  thorax,  sides  moderately  arcuate,  apex 
feebly  sinuate,  surface  finely  striate,  intervals  Hat,  serial  punctures 
ate  in  size.     Body  beneath  and  legs  i)iee<)us,  surface  slightly  iride*?^^ 
Length  .28  inch  ;  7  mm. 

Occurs  in  Georgia  and  Florida. 

S.  ellipticus  Dej.     Oblong  oval  or  elliptical,  black,  subopaque.    Tl**^ 
wider  at  base  than  apex,  sides  regularly  arcuate,  hind  angles  rectan^'-* 
Elytra  not  wider  than  l)a.se  of  thorax,  the  margins  of  each  nearly  coot-  •^'^ 
ous,  surface  finely  striate,  intervals  flat  or  very  slightly  convex,  serial  p«-^^^' 
tures  very  small,  apex  scarcely  at  all  sinuate.  Body  beneath  black,  shin  '  ^^* 
Legs  rufo- testaceous.     Length  .20 — 24  inch  ;  5 — 0  mm. 
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M.'Xie  m&tes  are  a  little  more  BJiining  ibaa  ihe  femnks.  With  iIiIb  si|teciei 
1  va  El  Ita  yranaritii  DcJ.  Tlie  larger  aumber  of  the  a|)ectc8  Imve  Ihe  thorax 
r^iC*^  larly  narrowing  from  base  lu  a|>ei,  some  few  however  have  (h* 
!  a  liltle  narrower  ttian  Llie  disc  u  little  in  front  of  the  base,  but  tl>a 
^om  one  form  to  llie  other  is  very  gradual. 
OcscUTB  from  the  Middle  States  to  Georgia  and  Teiaa. 
'X'lio  three  preceding  species  liave  the  iiroBteroum  liurizuntal  al  tip, 
alt^htt;  prolonged  and  diatinclly  marijined  al  the  sides  and  a|i«x.  They 
Comi  K  Tery  natural  grouji. 
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LUt  of  Pupen  Communicated  to  the  American  Philosaphieal  Soeiet, 

Pi/  Pliny  Earle  Chase,  LL,D, 

{Read  beforr  the  American  Philosophical  Society,  November  5,  1880. 

1.  Sanscrit  and  English  Roots  and  Analogues.    Sept.  17,  1858,  P.*         '^^'^^ 

177-91. 

2,  Chinese  and  Indo-European  Roots  and  Analogues.    Jan.  18,  1861,  ^' 

viii,  5-48. 
8.  Intellectual  Symbolism.     Oct.  3,  1862,  T*  xii,  463-594. 

4.  Chinese  Seal  Inscriptions.     Feb.  6,  1863,  P.  ix.  139. 

5.  Chinese  Analogues  in  other  languages.     Feb.  20  to  May  15.  1868,.  " 

ix,  145,  172,  231. 

6.  Catalogue  of  Trade  Tokens  circulating  during  the  war  of  the  RebellL  -^d^n* 

Sept.  18,  1863,  P.  ix,  242-58. 

7.  Mathematical  Probability  of  Accidental  Linguistic  Resemblances.    8^=^  ^ 

18,  1868,  T.  xiii,  25-33. 

8.  Comparative  Etymology  of  the  Yoruba  Language.    Sept.  18,  1868, 

xiii,  35-68. 

9.  Note  on  Possible  Vowel  Sounds  not  used  in  any  Language.    Oct 

1863,  P.  ix,  271. 

10.  On  the  Diurnal  Variations  of  the  Barometer ;  elastic  actions  and 

actions  proportioned  to  mass  ;  cyclical  motions  in  a  resisting  medl 
furnishing  hnnnonic  indications  of  Sun's  mass  and  distance  ;  ant 
pation  of  aslrouomical   verifications  or  rectifications  by  means 

varying  pressures  ;  impirrta nee  of  the  fundamental  equations,  f)=  3 


h-—^'^  in  which  /  represents  the  time,  of  cosmical,  molecular, 
4 

atomic  rotation,  and  g  represents  tlie  acceleration  of  a  central  fo 

Dec.  18,    18<J3,   P.  ix,   28:J-8   (Maxwell,    Edlund,    Crookes, 

yer).t 

Tlie  above  was  the  first  of  a  series  of  physicul  iwipers  in  confirmation 

the  following  Oenerul  PoMtulate.     All  phyaicnl  phenomena  are  due  to 

Omnipresent  Potrer,  arting  in  irayn  irhich  may  be  represented  by  harmo 

or  ryHical  undulations  in  an  elastic  medium. 

11.  On  the  Height  of  the  Tides  ;  principles  of  (10)  applied  to  the  expl 

tion  of  some  tidal  anomalies.     Jan.  1,  1H04,  P.  ix,  291-4. 

12.  Daily  Distribution  of  Heat ;  coordinate  thermodynamic  influences 

solar  radiation,  cyclical  elasticity,  and  barometric  pressure.     Man*^ 
4,  1804.,  P.  ix,  34.V0. 
18.  Mechanical  modification  of  electric  and  other  elastic  currents  ;  gravi 
electricity  and  terrestrial  magnetism  reirarded  as  **  modes  of 
tion"  (Gray.  Ediscm,  Bell,  Channing.  Crookes);  illustnUions  of  t 

•/*..  Proceedings;  7'.,  Trun.tartionx. 

t  Tt»o  names  in  pan-nthescs  are  those  of  subsequent  investigators,  whose 
■earciies  liave  contirnied  tlie  <^()nclusions  of  tlie  papers. 
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hypothesis  that  electricity  consists   simply  of  sethereal  vibrations 
(Maxwell,  Edlund).     April  i;  1864,  P.  ix,  855-60. 
X^olarizing  influences  of  thermal  convection  and  radiation  ;  correspon- 
dence between  Challis's  law^s  of  molecular  action  and  the  laws  of 
attraction  and  rotation  (Baumhauer,  Meyer,  Mendelejeff,  Zaengerle). 
April  15,  1864,  P.  ix,  367-71. 
Lvinar-monthly  barometric  variations  ;  resemblances  to  daily  barometric 
fluctuations.     June  17,   1864,   P.  ix,  895-9.     Also,  Proc.  Roy.  Soc. 
June  16,  1864.  xiii,  829-833. 
Oomponent  elements  of  normal  barometric  tides  ;  influence  of  oscilla- 
tions moving  with  the  velocity  of  light.     July   15,   1864,   P.  ix, 
405-11. 

•  Comparative  fitness  of  languages  for  musical  expression.     Sept.  16, 

1864,  P.  ix,  419-20. 

-  Primitive  names  of  the  Supreme  Being.     Sept.  16,  1864,  P.  ix  420-4. 

•  Numerical  Relations  ot  Gravity  and  Magnetism  ;  FoiTOulatiou  of  Hy- 

pothesis of  Unity  of  Elastic  Force  ;  Kinetic  Ratio  of  Sound  Waves 
to  Light  Waves  (Edlund,  Mendelejefl*,  Crookes,  Lockyer,  Edison). 
Oct.  21,  1864,  P.  ix,  425-40  ;  T.  xiii,  117-30. 
^-     Comparison  of  Solar  and  Lunar  Magnetic  and  Aerial  Tides  ;  Magellanic 
medal  awarded  Dec.  16,  1864  (Maxwell,  1873).     P.  ix,  487-95. 

•  Xladical  Significance  of  Numerals.     Feb.  17,  1865,  P.  x,  19-23. 

-  CoptoEgyptian  Vocabulary.     April  7,  1865,  P.  x,  69-94. 
^ielations  of  Magnetic  Declination  to  Gravity  ;  Heat  and  Attraction  ; 

Difierent  manifestations  of  the  Force  which  controls  Stellar-Systems 
as  well  as  Molecular  Motions.     April  21,  1865,  P.  x,  97-104. 

^ielations  of  Magnetic  Inclination  to  Giavity  ;  Accomplishment  of 
Faraday's  Desideratum.     May  19.  1865,  P.  x,  111-8. 

^Experiments  in  Mechanical  Polarization  of  magnetic  needles  by  vibra- 
tions resembling  those  of  Terrestrial  convection  and  atmospheric 
currents  :  mechanical  polarization  of  Sky  Light.  Oct.  6,  1865,  P. 
X,  151-66. 

CDbservations  on  Skylight  polarization  at  Philadelphia :  Remarkable 
visibility  of  all  the  neutral  Points.     Jan.  5, 1866,  P.  x,  196-7. 

ClJomparative  visibility  of  Arago's,  Babinet's,  and  Brewster's  Neutral 
Points,  in  Philadelphia  and  its  neighborhood.  April  6,  1866,  P.  x, 
223. 
Xtelations  of  Temperature  to  Gravity  and  Density  ;  General  Equation 
of  Oscillation  and  Parabolic  motion  ;  Thermodynamic  vis  viva; 
Comparative  Energy  of  action  and  reaction  at  the  source  of  Solar 
Radiation  and  at  Earth's  Orbit  :  simple  harmonic  relation  between 
terrestrial  gravity  and  the  velocity  of  light.  Sept.  21,  1866,  P.  x, 
261-9. 

•  Iaws  regulating  the  distribution  and  transmission  of  Solar  heat.     Feb. 

1,  1867,  P.  X,  309-15. 
^'    Probabilities  In  etymology  ;  a  reply  to  criticism.     Sept.  20,  1867,  P.  x, 
345-9. 
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81.  Meteor  seen  at  Haverford  College.     Oct.  4,  1867,  P.  z,  858. 

82.  Meteors  of  Nov.  13,  14,  1867.    Nov.  15.  1867,  P.  x,  857. 

88.  Specific  Magnetism  of  iron ;    ooemical  and  molecular  oomparisoK^^. 
Nov,  15, 1867,  P.  X,  858. 

84.  General  connotations  of  magnetism ;  accordance  between  baromet..^r^< 

and  astronomical  estimates  of  Sun's  distance.    Feb.  21,  1868»  P. 
868-79. 

85.  Evidences  of  Lunar  influence  on  rainfall.    June  19,  1868,  P.  x, 

86.  Tidal  Rainfall  of  Philadelphia  ;  similarity  of  influence  in  different  ini 

pendent  periods.     Dec.  4,  1868,  P.  x,  523-37. 

87.  Meteors  of  Nov.  18,  14,  1868.     Dec.  4,  1868,  P.  x,  539. 

88.  Philadelphia  Life  Tables.     Feb.  5,  1869,  P.  xi,  17-22. 

89.  Cosmical  relations  of  light  to  gravit}* ;  influence  of  the  modulus  of  li^ 

velocity,  mass,  distance,  centres  of  gyration,  orbital  eccentricity, 
ertia,  and  ratio  of  circumference  to  diameter  on  cosmical  and  mol€«^3iA- 
lar  phenomena  (Alexander,  1877);  solar  centripetal  reaction  agai^:^*^ 
the  action  of  gravity  towards  the  centre  of  the  solar  system  gives 

velocity  of  light  in  the  fundamental  equation  v  =  ^  .    April  2, 

P.  xi,  103-7. 

40.  Comparison  of  rainfall    at  Greenwich  and    Philadelphia;  cosmi m^^ 

and  local  influences  upon  meteorology.     May  7,  1869,  P.  xi,  118. 

41.  Tidal  Rainfall;  comparison  of  lunar  influences  at  Providence,  Ct»  ^^' 

wick  and  Toronto.    Oct.  1,  1869,  P.  xi,  208. 

42.  Comparison  of  mechunlcal  Equivalents.    Jan.  7,  1870,  P.  xi,  813. 

43.  Monthly  variations  of  rainfall  at  Philadelphia.     Feb.  4,  1870,  P.      :::^^' 

814-5. 

44.  European  and  American   rainfall ;  comparison  of  quarterly  rains 

Philadelphia  and  Lisbon.    March  8,  1871,  P.  xii,  38-9. 

45.  American  Weather  Notes  :  local  inlluenres  :  importance  of  gradien    ^^  "  ' 

frequency  of  anticyclonir  storms  ;  loct\l  cyclones  in  general  anti^ — *- 
clones  (Signal  Service).     March  3,  1871.  P.  xii, '40.. 
40.   Winds  ot'  the  United  States  ;  General  anticychmism  ;  storm  centres  /. 

normal  inlerseciionsofprevailiiii^  currents.     March  17,  1871,  P  "*^^^^^*  ' 
65-7. 

47.  Resemblance  of  atmospheric,  magnetic  and  oceanic  currents  :  prim 

coordinate  great  circles  ;  uniform  evidences  of  gravitatini?  influen 
April  7,  1871,  P.  xii,  08-70. 

48.  Relation  of  Auroras  to  gravitating  currents.  May  5,  1871,  P.  xii,  121- 

49.  Winds  of  Europe.     .June  10,  1871.  P.  xii,  123. 

50.  Normal  position  of  the  tidal  ellipsoid.     June  10,  1871,  P.  xii,  12* 

51.  Cyclical  Rainfalls  at  Lislxm  ;  solar  and  lunar  intluences  compared 

difl*erent  inde]>endent  j>eriods  ;  blending  tidal  currents  of  diftere 
temperatures  and  different  degrees  of  humidity.      Aug.  18,  187^    ^' 
P.  xii,  178-90. 

52.  Correlations  of  cosmical  and  molecular  force  ;  harmonic  estimates  ^  ^ 

solar  mass  and  distance  from  the  explosive  energy  of  oxygen  and  h^" 
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drogen  (Young)  ;  oi'i  eiea  of  wavo  pro{)agalIoii  =:  i|  of  the  n't  vita 
at  oacillatiiig  paniclei  (HAXwell,  1877).  Feb.  16,  IB73.  P.  lii,  899-t. 
BS.  Ttie  Herschel-SupheDBOD  Posmlnte  ;  conditions  nt  stability  in  eltutlo 
«tra(>sptieres  ;  influences  of  centres  ofoBcillnllon  on  planetary  masMS, 
dIalancM.  and  limes  of  rotaiion.     Harcli  I,  1873,  P.  xii,  SM-7.  * 

^4.    Farther  approxlmailons  to  sun's  diaUitice  ;  nccordnnt  harmoniea  of  top-  ^ 
rcsirlal  p>laiirin,  lunar  distance,  lunar  revoluiioii.  eKploBivo  energy, 
and  llie  velofity  of  light.     April  5,  1872.  P.  \i\.  308-400, 
Sa.    Genonl  relation  of  Auroras  to  RainGill.     April  Q.  1873,  P.  xil,  400. 
$e.     InfluvDce  ol  meteorit!  stiowcraon  Auroras.  lUiiy  16,  1872,  P.  xll,  401-8. 
t7.    Planeiarjr  IlliulmlionB  of    Explosive  OacillHtInn  ;   apsldnl  and  mean 
posiliooB  and  eccentricities  (Alexander.  1H77),     Miiy  16,  ier2.  P.  xii, 
403-,'i. 
^.    Undulator^  harmonies  of  solar  and  planetary   rotntlon,  revolntion, 

mass,  gravity,  and  light.     May  10,  1873.  P.  xli,  406-7. 
M>'    Aetliereal  density  and  polarity  ;  influences  on  cosmical  mosses  and 

rL-lstlTe  positions.    May  16.  1872,  P.  xii.  407-10. 
••X  The  sun-spot  cycle  of  11,07  years  ;  wave-cycle  of  Jupiler"s  projectile 

lorne  (mean  peribclion  distance).     May  18,  1873.  P.  xli.  410-1. 
11  -    AethercAl  Oscillation,  the  primordial  maierinl  Force  ;  cardinal  centres 
of  wave  Influence;  planuUry  illtiatraiii)ns,    July  5,  1873,  P.  nil. 
411-7. 
"3-   Daily  auroral  and  meteoric  means.    Bepi,  30,  1878,  P.  xil,  SlfV-8. 

1*8.  Stellar  and  Planetary  Correlations  ;  relations  of  distance  to  cardinal 
H  points  of  explosive  oscillation  ;  rupturing  velocities  acquired  by  neb- 
^k       iilar  "subsidence"  from  ndia  ;  evidences  of  parabnUc  projec- 

^^      tlon   between    a   Oinfauri  and  sun,  thi  loent  of  iht  paraboloid 
^B       biing  dUermintd  by  Ikr  lolar  madnlua  of  light,  aun'jt  Uiu-itr  e»ntrt  of 
^m      OKfUaSion,  and  tun'*  gravilattag  r»ifii'm  agaiii^l  himinout  undula- 
^V      tio»;  hnnnimic  positions  of  loci  of  planetary  riipluriuo:  velocities. 
^f        Thtu  art  the  onls  pobitivb  widrnut  gat  ditei-Bered  of  gravitating 
InJIaenee   hetinten  different  -talUir  tstttm:     Sept,  20.   1879,  P.  xii, 
518-23, 
"    Cyclical  rainfall  ut  8hu  Kranciscii :  indications  of  planetary  as  well  as 
lunar  intluoncs.    .luly  lU,  1872,  P.  xii,  52»-43, 
™-    tt«csni  tuonllily  Rainfall  in  tiie  United  States  :  compiled  from  Signal 
Service  reports  ;  lunar  influence  less  disguised  tlian  solar.    Nov,  1. 
1878.  P.  xii,  (W5-7. 
■     I<iuinr.cyc1ical   Raiiifiill   in  the   northern  Tenj|>ei-fttc  Zone.     Nov,   1. 

1873,  P.  xil,  .W8-0. 
•     Oaetllnlury  Forces  in  the  Si>liir  aystem  ;  harmonies  of  apsldal  and  mean 
^^^^^     planetary  pbsiiiona  and  moments  of  inenia  ;  influence  of  tlie  ratio 
^^^^^     of  tlio   circumference   to   the  diameter  of  a  circle  (Forbes,   1880). 
^^^^^  Feb,  7,  187S.  P.  xlil,  J40-1. 

^^^^^BbtiKwtc  of  solar  mass  nnd  distance  from  the  equilibrium  of  elastic  and 
^^^^    gravtiaiing  forces.     Fob,  7.  1873,  P.  xjii.  143-8. 
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69.  Note  on  Planeto- Taxis ;    reasoos  for  limitations  of  **Bode'8  !»' 

March  7,  1873,  P.  xiii.  143-4. 

70.  Rotation  of  the  sun  and  the  Intra  asteroidal  Planets.     March  7,  18T8. 

P.  xiii,  145-7. 

71.  Planetary  relations  to  the  sun-spot  period.     March  7,  1873,  P.  xiii* 

147-8. 

72.  Relative  velocities  of  light  and  gravity.     March  7,  1873,  P.  xlli,  148— 4>. 
78.  The  gamuts  of  sound  and  light ;  correspondence  of  wave-length  of  tli€ 

musical  note,  C^,,  with  that  of  the  Fraunhofer  C  line  ;  approximatloiu 
in  other  wave-lengths  of  the  two  gamuts ;  comparative  harmoiilc 
estimates  of  solar  mass  and  distance  ;  indications  of  a  magnetJc 
gamut,  four  octaves  below  that  of  light.  March  21,  1873,  P.  xiii. 
149-54. 

74.  The  music  of  the  spheres  ;  apsidal  and  mean  relations  to  musical  int^*" 

vals.     April  4,  1873,  P.  xiii,  193-8. 

75.  Harmonic  Indications  of  Intra-Mercurial  planets ;  influence  of  I^ep- 

tunc,  Jupiter  and  Sun  in  establishing  harmonic  nodes  of  planeta>r7 
aggregation  ;  prediction  of  an  ''unknoicn  planet  or  other  seat  of- 
and  planMary  perturbation  "  (De  la  Rue,  Stewart  and  Loewy, 
son,  Mouchez,  Opi^olzer,  and  others).  May  2, 1873,  P.  xiii,  2S'7'— ^• 
7(5.  Correlations  of  Planetary  miiss.     May  16,  1873,  P.  xiii,  239-43. 

77.  Harmonies  of  Cosmical  Rotation.  May  16,  1873,  P.  xiii,  243-8. 

78.  Weather  Study  ;  confirmation  of   views  (45,   46)  by  observation^   ^ 

signal  service  bureau.     May  10,  1873,  P.  xiii,  248-52. 
70.  The  I'laiietary  node  between  Mercury  and  Vulcan.     May  16,  1873,     -*  * 


xiii.  252. 


>*0.   Recent  Confirmation  of  an  Astronomical  Prediction.     Oct.  3,  1873^     ^' 
xiii.  470. 

81.  Comparison  of  Planetary  Series  ;  harmonic  series  the  closest  of     ^*'- 

Oct.  :j,  187:J,  P.  xiii,  4n-7. 

82.  Transcript  of  a  curious  MS.  work  in  cyi)her,  supposed  to  be  astrol  ^>^^' 

cal.     Oct.  3.  1873,  P,  xiii,  477-82. 
8:*..   ()ri|j;in  of  Attractive  Force.     Y\h.  <J,  1874.  P.  xiv,  111-4. 

84.  Saving  Fund  Life  Insurance.     April  3,  1874,  P.  xiv,  148-9. 

85.  Cosmical  Thermodynamics  ;  fifty  postulates  of  imitary  force,  with 

erences  to  illustnitive  papers.     April  17,  1874,  P.  xiv,  141-7. 

86.  Cosmical  evolution  ;  relations  of  mean  proportionality  to  time,  m 

density,  and  the  velocity  of  light.     May  15,  1874,  P.  xiv,  159-6 

87.  Jupiter  cyclical  Rainfall.     .Tune  10,  1874,  P.  xiv,  193-5. 
><8.  Cyclical  rainfall  at  Barbados.     June  19,  1874,  P.  xiv,  195-216. 

89.  (4ravitatin«^   Waves  ;  important  nodal   positions  of   Sun,    Earth 

Jupiter.     Jan.  1,  1875,  P.  xiv,  344-6.  ' 

90.  Lunar  monthly  Rainfall  in  the  United  States,  from  observations  oP     * 

Sipial  Service  Bureau.     April  16,  1875,  P.  xiv.  416-8. 
*.n.   Further  Relations  of  Magnetic,    Gravitating  and  Luminous  Fa 
^  antilogous  ecjuations  in  general  physics,  electricity,  chemistry, 


«id 
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cosmogony  ;  consequent  estimate  of  Sun's  mass,  from   Maxwell's 
magnetic  data.     June  18,  1875,  P.  xiv,  607-9. 
Planetary  Illustrations  of  the  Creative  Fiat.  Aug.  20,  1875,  P.  xiv, 
W9-12. 

Yearly  rainfall  in  the  United  States,  from  observations  (tf  the  Signal 
Service  Bureau.     Aug.  20,  1875,  P.  xiv,  613-4. 

The  Beginnings  of  Development  ;  planetary  linkages  ;  the  velocUy  of 
lighi  is  the  limit  between  the  living  forces  of  association  and  dissocia- 
tion ;  variety  of  rhythmical  relations ;  successive  steps  of  nebular 
condensation.     Sept.  17,  1875,  P.  xiv,  622-31. 

Further  Dynamic  Codrdinations ;  mathetnatical  deduction  of  tJie  ratio 
between  the  mean  vis  viva  of  gaseous  volume  (heat  under  constant 
volume)  and  the  vis  viva  of  uniform  velocity  (fieat  under  constant 
pressure) ;  harmonies  of  products  and  powers  of  mass  and  distance. 
Dec.  3,  1875,  P.  xiv,  651-8. 

Nebular  action  in  the  solar  system  ;  confirmations  of  Herschers  theory 
of  "subsidence;"  electrical  conductivity  of  selenium.  Illustrating 
the  ratio  of  velocities  between  solar  waves  originating  at  Sun's  sur- 
fiicc  and  in  Earth's  orbit  (Bell,  Tainter).  April  21,  1876,  P.  xvi. 
184-92. 

On  some  fundamental  propositions  of  central  force ;  nucleal  radius 
varying  as  the  J  power  of  the  atmospheric  radius  ;  oscillatory  formu- 
las of  cyclical  motion  ;  views  of  various  investigators  ;  universal 
correlations.     July  21,  1876,  P.  xvi,  298-310. 

Aethereal  influences  in  the  solar  system  ;  evidence  of  58  accordances. 
Jan.  5,  1877,  P.  xvi,  496-505. 

Ohemical  atoms,  molecules  and  volumes ;  laws  of  Boyle,  Charles,  and 
Avogadro.     Feb.  2,  1877,  P.  xvi,  505-8. 
B'nrther  illustrations  of  central   force ;  Increase  of  velocity  through 
•* subsidence"  should  produce  rupture  in  the  periphery  of  a  station- 

T  — 

ary  nebula  at  -  when  n=  2  -h  (8  —  2  /  2)  ;  this  influence  shown 

by  various  planetary  belts  and  positions;  *' subsidence"  tending  to 

3r 
form  confocal  elliptic  orbits,  with  major  axes  of        and  minor  axes 

2r 
\/2  r,  and  belts,  on  account  of  collision,  at  --  ;  influence  of  the 

o 

modulus  of  light  and  various  ratios  in  positing  planetary  belts.  July 
20,  1877,  P.  xvii,  98-100. 

harmonies  of  solar  spectrum  ;  identity  of  law  in  luminous  and  plane- 
tary nodes.     August  24,  1877,  P.  xvii,  109-12. 

Results  of  wave  interference ;  symmetrical  formula,  introducing  masses 
of  Sun  and  Jupiter,  Sun's  equatorial  radius,  Jupiter's  projectile 
radius,  and  the  velocity  of  light ;  significance  of  Earth's  position 
^nd  density ;  cosmical  and  molecular  wave  lengths :  confirmation  of 
••subsidence"  and  of  harmonic  undulations,  by  the  moons  of  Earth, 
^fars,  Jupiter,  Saturn,  and  Uranus  ;  Alexander* s  adoption  and  confir- 
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mation  of  my  harmonic  predicticTM,    Jan.  18,  1878,  P,  xvii, 
807. 
108.  Criteria  of  the  Nebular  Hypothesis.    March  1,  1878,  P.  xvii,  841-5. 

104.  Radiation  and  rotation  ;  explanation  of  Eirkwood's  analogy ;  belt» 

planetary  pairs.    June  21,  1878,  P,  xvii,  701-4. 

105.  Crucial  Harmonies  ;  nine  conflrmations  of  prediction.    Oct.  4, 

P,  xviii,  84-6. 

106.  The  limiting  constant  of  gravitation  ;  new  method  of  identifying  t 

velocity  of  light  with  gravitating  force.    Oct.  18,  1878,  P.  rrill* 
41-3. 

107.  The  Philosophy  of  Christianity.    Feb.  7,  1879,  P.  xviil,  129-^. 

108.  Further  confirmations  of  prediction  ;  two  additional  evidences  of 

monic  solar  disturbance.     Feb.  21,  1879,  P.  xviii,  209. 

109.  Harmonies  of  Lockver's   "Basic  Lines;"   the  ftindamental 

length  representing  a  centre  of  spherical  gyration,  in  Earth'i 
action  against  solar  action  ;  the  other  lines  all  harmonic.    April  4» 
1879.  P.  xviii,  224-6. 

110.  Spectral  estimates  of  Sun's  distance.     April  4,  1879.     P.  xviii,  287-^- 

111.  Correlations  of  mass;  equations  between  masses  of   Sun  and  foo' 

outer  planets  ;  centres  of  various  nebular  influences.     April  4,  1879» 
P.  xviii,  229-32. 

112.  Approximate  quadrature  of  the  circle.     June  20,  1879,  P.  xviii,  281* 
118.  Apparent  semi-diameter  of  the  Sun,  and  nebular  origin  of  the  *©!!•• 

trial  day.     Dec.  19,  1879,  P.  xviii,  880-1. 

114.  Velocity  of  light  and  Kirkwood's  analogy  ;  five  estimatei  of  thM^l^dW 

of  light  based  on  the  Nebular  Hypothetic.    Jan.  2,  1880,  P.  x'Hiit 
425-9. 

115.  Controlling  centres  ;  various  estimates  of  mass  and  distance  accordl**^ 

to  the  Nebular  H^'pothesis.     Jan.  2,  1880,  P.  xviii,  429-34 

116.  Nodal  estimate  of  the  velocity  of  light.     March  19,  1880,  P.  xviii, 

117.  C'ometary  Pamboloids  ;  comparison  of  planetary  positions  as  det^^* 

mined  by  interstellar  action,   with   M.   Gaussin's  geometrical 
proximations  ;  stellar  approximations  the  closest.    April  16,  li 
P.  xviii,  18-20  ;  also  Comptes  RenduSy  19  Avril  and  8  Mai,  1880* 
xc.  pp.  912,1061. 

118.  C'osmical  determination  of  Joule's  equivalent ;  correspondence  of  ^  ^^. 

trifugal  "lift,**  indicated  by  the  difference  of  polar  and  equatO' 
temperatures,  with  the  centrijietal  fall  which  would  give  the  ec^} 
lorial  velocity  of  rotation  ;  confirmation  of  Clarke's  discovery, 
the  molecular  volume  of  chemically  combined  water  is  vari*^*' 
while  that  of  crystal  water,  or  molecularly  united  water,  is  inv»^^*' 
ble.     April  16,  1880,  P.  xviii,  20-1. 

119.  Relations  of  Chemical  Aflflnity  to  Luminous  and  Cosmical  Eneri^^'^ 

simple  ratio  of  mean  molecular  velocities  in  gases,  to  velocitla^      , 
terrestrial  rotation  and  revolution  ;  harmonic  wave-lengths  in  Vo^^^^., 
hydrogen  and  Paalzow's  oxygen-spectra.     April  16,  1880,  P.  tl"'^^^ 
21-5. 
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.Sy«W  Meeting,  Novemher  19,  1880. 

Present,  16  meniben;. 

I'reaideiit,  Mr.  Fraley,  in  the  Cliair. 

A  letter  of  acknowledgment  was  received  from  tlie  New 
'V'ork  Acadamv  of  Sciences,  October  23  |68,  75,  76,  79,  80, 
S9,   97,102,104). 

A  letter  of  envoy  waa  receive*!  fi-oni  tlie  Royal  Dublin 
t*o<LMety,  <lated  September,  1880. 

ZJouationB  for  the  Library  were  received  from  the  Mining 
t^partraent,  Melbourne;  Acadeiniea  at  St.  Petersburg  and 
Senliii;  Batavian  Society,   Harlem;    Geographical  Society 
Knd    Revue   Politique,  Paris;  Reviata   Euacara,  Pamplona; 
Nature,  London  ;  Easex  Institute,  Salem  ;  Profesaore  Brush 
«n<3    Dana,  New  Haven;  Franklin   Institute,  Historical  So- 
ciety,   American    Numismatic    and    Antiquarian    Society, 
Editor  of  the  American,  and  Mr.  Henry  Philli[^,  Jr.  Phila- 
•J^lphia;   Reviata  Oientitica  and    Ministerio  de  Foment©, 
Mexico. 

The  death  of  Mr.  Henry  Wharton,  November  11,  at  Phila- 
^l^lfihia,  aged  53,  waa  announced  by  Mr.  J.  8.  Price,  and,  on 
''Motion,  Mr.  Jos,  B.  Townsend  waa  requested  to  prepare  an 
**^itoary  notice  of  the  deceaaed. 

The  death  of  Dr.  Alexander  Wilcocks,  November  ID,  at 
Philadelphia,  aged  62,  waa  announced  by  Mr.  Price. 
^  Tbe  death  of  Prof.  John  Rudolf  von  Wagner,  at  Wiirtz- 
****rg,  October  4,  aged  58  (born  at  Leiiwig,  February  IS, 
*822),  was  announced  by  the  Secretary. 
__  Mr.  Dubois  offore<l  the  following  from  his  note-book,  in 
l*e  U.S.  Mint: 

"  Xovemt>«r  ti),  1990,  Proresaor  Bninl,  of  the  SmiilksoniaD  iDBtllutluD, 
.  ^*)glit  kn  engruveil  disk  for  eKntninntlon.  It  was  Toimd  in  Quutamaln, 
^■d  ai  flnt  view  ii  seems  lo  bo  a  coio.  ti  it  not  tliat.  however  ;  the  tinea 
^1(1  Bgures  being  cliosed  with  a  graving  tool,  quite  Iim  alow  an  oporatiou 
**•■  r««king  currency. 

>n  one  ilile  )s  a  wolT,  among  trees ;  nml  on  tlie  other  a  tapir,  lieliind 
h  Dlnnds  u  iiinn.     A  hole,  rudely  ptinchi'd.  muni  have  servod  fur  hang- 


1^^  [Nov.   IP 

)ng  the  piece  arouud  the  neck,  as  an  ornament  or  amulet.     There  is  no  at- 
tempt at  lettering. 

''The  measures  are:  Diameter,   1.4  Inch;  thickness,   75  thous.  of  an 
inch  ;  weight,  18 J  grammes  ;  sp.  gr.  8.80. 

"This  last,  together  with  the  color  and  the  good  preservation,  indicate 
a  mixture  of  copper  and  tin. 

"It  bears  some  testimony  to  the  condition  of  the  aboriginals,  and  in  (bat 
view  is  interesting. 

**  Mr.  Phillips  expressed  the  opinion  that  the  piece  was  not  much  more 
than  a  century  old." 

Mr.  Lesley  exhibited  and  described  three  models  in 
plaster : 

1.  Of  the  Seven  Mountains  in  Middle  Pennsylvania,  sur- 
veyed  by  Charles  E.  Billin. 

2.  Of  the  Stone  Mountain  Fault,  by  Mr.  Charles  E.  Billin. 

3.  Of  a  part  of  the  Middle  Anthracite  Coal  Field,  con- 
structed from  the  first  specimen  sheet  map  of  tlie  Anthracite 
Survey,  by  Mr.  Charles  A.  Ashburner. 

The  minutes  of  the  last  meetins:  of  the  Board  of  Officers 
and  members  in  council  were  read,atid  the  following  resolu- 
tions were  adopted  : 

1 .  Resolce'l,  That  the  Society  has  no  power  to  modify  the  regulation* 
prescribed  by  the  donor  (Mr.  Magellan)  for  the  awarding  of  the  Magellani*^ 
premium. 

2.  Resolved,  That  the  third  condition  precludes  the  awarding  said 
premium  to  any  person  who  has  already  published  his  or  her  discovery  i^ 
taking  out  a  patent,  and  who  is  also  rewarded  therefor  by  the  monopoly 
conferred  by  the  letters  i>atent. 

8.  Resolved,  That  Chapter  XII  of  the  By-Laws  be  printed  ou  the  fly-le*^ 
of  each  number  of  the  Proceedings  until  further  orders. 

Four  other  resolutions  recoininended  for  consideratiot^ 
were  iM)stponed  tor  the  present,  one  of  them  involving  ^ 
change  in  the  By-Laws,  an<l  i'e<|airing  certain  prelimiDary 
formalities.     (See  Minute  Book.) 

Pending  nominations  Nos.  909,  920,  921,  922,  and  ne^«^ 
nominations  Xos.  923,  924,  925,  were  iwid,  and  the  meeting 
was  adjourned. 
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...   Hi-    .V^.M'    KfliWilid   M  tht   Mulhvj  Noeembr,,-  lit.   1880.     By 

./,  P.  LnUii. 
D  iiumIbIs  wure  nmde  by  and  aader  ilin  siiperinUiaileQuc  of  Mr.  Ed. 
*rdeii,  Tup<>);ni|>lik<al  Aasiatiuil  of  llic  Second  Qeoloicicftl   BurTey  of 
\  and  form  part  of  a  collection  uf  models  in  Uie  Museum  of 
urrey,  No.  B07  Wiilnul  street.  Pliilftdelphia. 
'  ■'**;h  U  oonHiriicwd  od  one  ttod  tlie  name  vertical  and  liorizontnl  scftle  Id 
"^'oid  siruttmul  dhliirtiim ;  but  tlie  scale  of  llie  flrsl  is  1  mile :  1"  ;  lluit  of 
'*»^   •MKondlOOO':!";  and  Ihat  of  Ihe  tbinl  8nO'  :  1". 

■^Itc  model  of  till-  SvTun  Mountains  rcprescnla  ti  dlslrict  of  anticlinal! 


**""  ajnrlinHlh.  IVirry  miles  long,  extending BliiDg  tlia  north  sldeitf  U>(.  Kiili- 
*^^**ltj lIluB  vidl(-y  ill  (iL'utre  and  Union  counties.  Parallel  anticlinal  ranges 
"'  M«liiin  and  Oltl•illr^  dying  down  eastwai^l  into  Union,  and  westward 
'"*«>  Baotingdon  iHiiinties.  form  a  mountain  Iwlt  Imtween  the  Siluru-Cam- 
'"***«»  lowlands  of  Kisliic'Miuillas  valley  in  Mifflin  iind  Snyder  counties  in  tlie 
•"••W*.  und  Pine  Crunk,  Brusli  and  Nitlany  valleys  of  Clinton  and  Centre 
'*"»n^eB  on  tlir  n.iitb,  Tlie  Iwoad  rounded  spurs  sinking  with  tbe  axis 
"'  i^ttch  autiulinni  lH.'neiiili  the  Clinton  red  slialc  and  fossil  iron  ore  beds, 
•'w  nni-ly  shown.  In  ilic  lienrt  of  tlie  region  tbe  anticlinal  mountains  split 
*^**^.  and  show  long  narrow  deep  vales  of  Hudson  river  slate,  while  the 
linaU  contain  long  narrow  strips  of  Clinton  red  shale. 
t  two  places  oci-itr  diagonal  upthrow  fautla  on  a  large  scale,  one  through 
tone  Mountain  at  tircenn-ood  rnrnace  ;  the  other  (in  a  prolongation  of 
«  of  tliD  first  &ultj,  some  miles  further  to  the  northeast. 
IHh  &ults  Iiave  tliti  western  |)ortiou  thrown  northward  and  backward 
H  the  north-enat,  as  in  a  diagonally  splintered  arm  Ijono  drawn  to- 
Tbf  tlic  conimetion  of  the  muscles  ;  and*thls  structure  is  plainly  e«- 
1  by  the  lermlnatiiui  against  each  side  ol  each  &u1t  of  tbe  Medina 
Intaln  crest,  and  of  the  Oneida  terrace  wliich  always  accompanies  it. 
'«  model  of  ilic  Sl'itie  Mountain  &ult  shows  tlic  structure  on  a  large 
I  mnil  as]i«ria1ly  (he  slight  curves  iit  tlic  ends  of  the  liypothetical 
~  t  Roe  of  the  fault,  as  well  as  tlie  crushed  and  pncked-in  condition  of 
idBtuthisaniundtht!  north-east  end  of  theliiult.  In  the  caseof  the  other 
no  li  ■  murli  greater  compUcation  ;  for  two  cross  tiaulld,  at  tlie  tw<i 
^  of  thfl  main  slide  line,  immllel  lo  each  other,  must  be  imagined  to 
y  nil  Ibn  Burfhce  (nnditlons. 

n  iBodvl  of  ihi'  Mammoth  IhhI  Quor  in  the  Schuylkill  county  is  the  first 

Ik  kind  eunstructed  in  the  Anthracite  region.     There  is  a  model  of  the 

HUod  in  ibi.'  Museum  Kf  the  Towue  School  of  the  University  of  Peon 

pRla,  ahowing  the  Hour  of  the  Pittsburgh  cinl  bed  In  Somerset  county. 

■Uylnnta,  wlilcli  I  hail  made  Ijy  my  students  from  data  obtained  by  a 

'  il  aurvey  onierud  liy  the  Hfwtril  of  Commissioners  of  tlic  Geological 

y  In  18T5.    But  the  Anthracite  basins  are  deep,  steep  sided,  and  with 

VMparating  anticllnali  sumetiinea  overthrown  towards  Ihe  iiurtli  and 

These  are  the  most  striking  features  of  this  model. 

w  Bxhitiits  for  llie  first  time  another  unexpected  and  very  important 
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feature,  viz :  the  kettle-shaped  isolation  of  the  subordinate  synclinals* 
which  ride  upon  the  crests  of  anticlinals  at  their  ends.  In  fact,  the  vie^wa 
which  we  have  hitherto  held  of  the  general  continuance  and  parallelism 
the  sub-basins  receives  here  a  rude  shock.  The  greatest  irregalarity 
vails  in  the  arrangement  of  the  mutually  interlocking  sub-anticlinala 
sub-synclinals.  At  the  same  time  it  is  most  interesting  and  satisfactory  %^ 
see  that  in  this  respect  the  dimpled  structure  of  the  broad  and  shallow  l>m 
tuminous  basins  is  reproduced  in  the  narrow  and  deep  anthracite  basins. 

The  crushing,  side  wise  thrusting  action  from  the  south  against  ttle  A^wa- 
thracite  coal  region  is  admirably  illustrated  by  this  model,  which  is  onalj 
the  first  of  a  series,  to  be  extended  lengthwise  of  the  Mahanoy  and  ShanAO- 
kin  field  as  the  Geological  Survey  advances. 


Stated  Meeting,  December  3,  1880. 
Present,  19  members. 

President,  Mr.  Fralby,  in  the  Chair. 

Letters  of  envoy  were  received  from  the  Royal  Obaertr^- 
tory,  Greenwich,  Dec.  1880  ;  and  the  Board  of  Commission- 
ers of  the  2d  Geological  Survey  of  Penna.,  Harrisburg,  Ko*^* 
25,  1880. 

Donations   for  the  tiibrary  were   received   from  the  ^' 
Accademia  dei  Lencei,  Rome  ;  Zoologischer  Anzeiger,  Leif^ 
sig ;  Geographical  Society,  Aniiales  des  Mines,  and  Revii^^ 
Politique,  Paris;  Society  of  Commercial  Geography,  Boi^" 
deaux ;   R.    Astronomical    Society,   and  Nature,   London      ' 
American  Academy  of  Medicine,  and  Editors  of  the  Inter"^ 
national  Review,  New  York  ;  Academy  of  Natural  Scienotf^  ^ 
Medical  News,  Engineers'  Club,  Journal  of  Pharmacy,  an(S- 
Geo.  Hamilton,  M.  D.,  Phila. ;  and  the  Board  of  Comraia — ^ 
sioners  of  the  2d  Geological  Survey  of  Pennsylvania. 

A  letter  from  Mrs.  Haldeman,  enquiring  about  the  memoii 
and  relics  for  illustration  by  the  late  Prof.  Haldeman  was 
read,  and  on  motion  it  was 

Resolved,  That  the  Curators  be  authorized  to  dci>osit  the  cards  on  which 
these  relics  are  arranged,  in  the  Museum  of  the  Academy  of  Naionl 
Sciences,  and  to  take  a  receipt  for  the  same,  us  in  the  case  of  other  carioii- 
ties  bolongincr  to  this  Society  there  deposited. 


The  deutb  of  Prof,  Jbh.  C.  Watson,  nt  Madison,  Wis,, 
j^<5V.  23,  1880,  aged  41,  wiia  announced  by  the  Secretary. 

A.  communication  entitled:  "On  the  Vertebratii  of  ther- 
'vVind  River  Eocene  beds  of  Wyoming.  By  E.  D.  Cope," 
wxLS  rend  by  title. 

Dr.  Kbiiig  exhibited  two  specimens  of  ailver  ore  fi-oin  neiir 
Ouray,  in  Colorado,  of  unusual  interest  jk^  exhibiting  the  re- 
Auoed  native  silver  and  abo  the  asphalt  (enclosed  in  cal- 
m    uite)  by  which  it  had  b(<eu  reduced. 
I        The  Treasurer's  annual  reiiorl  was  read  and  referred. 
K        The  Publication  Comniittee  reported   verbally  that  they 
H     bail    aipproved  the  plates  for  Prof,  llaldeman's  Memoir. 
H        The  Committee  on  the  communication  x,  y,  z,  for  the 
W     Magolianic  Premium  reported;  ami  on  motion  the  fcllowing 
W       moX  Vitions  were  [wssed  : 

■  fi»«ojfBj,  flrslly,  Ii  aiipeuriiig  UiHi  ilic  niniraiiiilciiiloii  of  x,  y,  /..  Ut  iliu 
I  ^t>£BlIiuiLc;  prc^miiim  rislnti'S  t»  meclinniotl  devices  not  immcdluicly  [ler- 
I  uinlta^  Xf,  Niivigtttion,  Astrimomy.  or  Pliyeica,  It  is  pot  prupor  lliat  tin.' 
I  (|unlic>n  of  merit  or  worthiness  of  liie  invention,  iliscovury,  or  imiirovc- 
I  nicnx  a«t  forth  Hiinuid  be  pMsed  upon  by  tliis  Society. 

I  nt'olted,  swxiiidly,  Tlint  tlie  Beurcturios  lio  nutliorireil  tinil  emitowurixl 

I  inulo^  [[iR  wittiilrawal  of  this  communication  by  uny  person  who,  tliey 

I  oMy  tk«aiiuH  Butiafieti,  lim  tlie  right  lo  wiiUdran  tliu  same,  uud  that  the 

I  ikviJiLfx  ries  bi'  ilircctcil  to  assure  aucli  person  that  the  Society  cotnmite  itself 

I  W  ni>     «>pioHin   in  any  wny  ilerojpitory  lo  lilt-  inTeotion,  discovery,  or  ini- 

I  pn^^kUoDt,  bm  dimply  Sods  the  asnie  not  to  relate  to  the  Bubjecis  pn- 

I  "Cnpistl  i,j-  )iajp.|)an,  or  those  upon  which  prtinimns  arp  to  lie  nwnrded. 

rttjidiijj,   nominations   Nos.  909,  020    to   92ii,   tind    new 
I         nomi  lotion  No.  926  was  read, 
k  Tl»^.  resolnfion  ofFered-by  Dr.  LeContc-,ut  the  last  meeting, 

■  WW  then   eoiisidcroii.  ami   there  being  [iresent   the   lawful 

■  nnm\>or  of  3  nicmbers  nf  the  Board  and   Council,  and  13 

■  Qietii|>ere  of  the  Sot^iety  ttwofsary  for  a  change  in  the  By- 
H  Iawr,  at'lor  due  publii-  notice  ^iven,  was  unanimously 
M       atlopled. 

P  "•Mlmd.  That  the  (including  cluusa  of  the  UrAt  piiragntpU  on  page  17  ol 

I  tl"Bii  UwH,  i".  *.,  all  afier  tlie  word  "preDiium  "  in  the  Olh  liDooflhat  page, 

WiUoclf  out,  and  llie  ivords  ''  for  such  purposes  ns  may  !«•  iliillioriwd  by 

H  iudurirr  and  Inna"  liesii'iatiluli'd  llirrefor. 
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Tlie  other  three   resolutioiia    ■'ecoainieiidixl   to    the 
sidemtion  t^t'the  Society  were  ou  request  again  poetjioncd 
allow  time  for  the  members  of  the  Society  to  hecome  betl 
acciusintfld  with  their  teuor. 

1.   Betaltad,   That  tlic  JiiemlHtra  ul  tbc  Siicielj  \ie  ioTltdd  lo  B«ad  to 
SecreUirieH  the  na,me«  of  notable  discorcrere  in  any  branch  of  scteiii;e.         *>^ 
the  fine  or  useful  arts,  with  the  reasons  for  bestowal  of  medals  for  tti^^^''' 

3.  Btsoked,  Tliat  such  names  and  I'ecoin  mend  a  lions !«  placed  for  coi*^^^'^' 
enilion  in  ilie  hands  of  the  President  to  report  lo  the  Society  his  verdic^K^^ '" 
fiivor  ol  one  or  more  of  them  If  proper. 

3,  Betohed,  TliHl,  in  case  no  vem  is  placed  by  llie  Society  on  8Uch 

did,  there  shall  beu  presentation  of  medals  to  the  persons  recommendod >, 

the  President  at  a  lime  and  in  a  manner  to  Iw  nrntnged  by  him. 
And  the  meeting  was  adjourned. 


at'ikd  Meeting,  Dc.  17,  188<l. 

I'reMeiit,  10  memhers, 

Vice-President,  Mr.  Price,  in  the  (Jhair. 

Mr.  J.  B.  Townseml  accepted  by  letter  his  apjwintmeni 
prepare  an  obituary  notice  of  the  late  Uenry  Wharton. 

A   letter  respecting  duplicatea  was  received  from  H. 
Dawsou,  Morrisania,  N.  Y, 

A  circular  was  received   from  the   Peabody  Academy 
Science,  at  Salem,  Mass. 

Donatioua  for  the  Library  were  received  from  the  Asia 
Society  of  Japan ;  the  Berlin  Academy  ;  the  Vereiu 
Beiorderuug  des  Gewerbfleisses,  Bwlin  ;  Zoologiacher 
xciger,  Leipsig;  Naturhiftorisches  Verein,  Bouri ;  Revi 
Politique,  Paris  :  Reviata  Euskura,  Pamptona;  Nature,!' 
Nautical  Almanac  Office,  and  Dr.  C.  Wm.  Siemans,  T,i 
don;  R,  Dublin  Society;  Yale  College,  and  the  Amerii 
Journal,  New  Haven  ;  Franklin  Inacitute,  Commi8.sioner8 
the  New  Public  Buildings,  nnd  Mr,  Henry  Phillips,  J 
Philadelphia ;  Hon.  Lane  S.  Hart,  State  Printer,  Harrl 
burg;  Johns   Hopkins  Univei-sity,  Baltimore;  U.  S. 
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Survey  of   the  Territories;  and  the  Ministerio  de 
omento,  Mexico. 

^o  pieces  of  slag  from  the  site  of  the  earliest  iron  fur- 
in  Virginia  was  presented  to  the  cabinet  by  Mr.  Phillips, 
>r  Mr.  R.  Alonzo  Brock. 

I^rof.  Cope  was,  on  motion,  permitted  to  withdraw  for 
Eumediate  publication  elsewhere  his  communication  on 
he  Vertebrata  of  the  Wind  River  Eocene  beds,  the  princi- 
pal features  of  which  he  described,  and  exhibited  the  lower 
^w-  of  Bachyopsis  hiscidens  in  illustrntion  of  the  extraordi- 
lary  character  of  these  fossils.  Of  46  species  studied,  26 
P^cies  (and  3  genera)  are  new.  The  collection  is  specially 
^^portant  as  placing  the  Wind  River  beds  (hypothetically) 
between  the  Bridger  beds  above  and  the  Wasatch  beds  be- 
^^^y  types  peculiar  to  each  being  found  mingled  in  it. 

Mr.  Lesley  read  extracts  from  a  letter  from  Mr.  Andrew 
McCreath,  Chemist  in  charge  of  the   State   Geological 
■^tratory  at  Harrisburg,  giving  an  analysis  of  a  pure  dolo- 
^ite  exposure,  in  mass,  in  Franklin  county. 

Harkisburo,  Dec.  10,  1880. 

* '  While  selecting  samples  of  the  iron  ores  in  the  Mt.  Alto  district,  Col. 

'catling  showed  me  a  limeetone  quarry  or  opening  which,  on  one  of  your 

sits,   you  thought  was  partly  unaltered  blue  carbonate  of  iron,  with  jwssi- 

y  IS  to  20  per  cent,  metallic  iron.     Samples  were  carefully  selected — 201 

^<^e»  for  sample — and  analysed  with  the  following  results  : 

Carbonate  of  lime 01.748 

Carbonate  of  magnesia 43.4^ 

Carbonate  of  iron H65  =  0.821   %  iron. 

Alumina .222 

Sulphate  of  lime 046 

Phosphate  of  lime 065 

Silica 4.090 

100.267 
Calculating  the  carbonates  of  lime  and  magnesia  to  100  parts  we  get 
^  Allowing  as  compared  with  a  true  lithological  dolomite  : 

.Shiery  Quarry,  Mt.  Alto.        Dolomite. 

Carbonate  of  lime 54.36  54.35 

Carbonate  of  magnesia 45.64  45.65 

100.00  100.00 

*'  I  find  this  extremely  interesting,  for  it  is  the  only  true  dolomite  I  have 
yet  lound  in  such  large  quantity  in  this  State." 
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Also  notes  by  Prof.  I.  C.  Whit*;,  Asst.  Geologist  und  Pro — .^^ 
feasor  of  Natural  History  ii»  the  University  of  West  Vir- — — ^ 
ginia,  stating  his  conclusions  respecting  tlm  diatribalion  ot"^., 
the  luembera  of  the  Conglomemte  in  Westtmi  I'oiinaylvRnia.    ^  ^ 

Mr.  Leeley  exliihited  an   index  guage  which  he  liad  had   _fj, 
coiistrncted   by  Messrs,  Yonng,  of  Philadelphia,  for  the  n 
of  the  Survey,  and  showed  a  small  toi>ographiciil  model  in  j 
wax  which  had  been  made  by  meaiis  of  it. 

The   Treasurer   read    the    re|K)rt    of   the   (,kiminitt«e  i 
Finance. 

On  motion,  the  ajiproiiriations  recommended  by  the  Coiub 
mitteewere  passed. 

The  report  of  the  Trustees  of  the  Building  Fiiiul  \ 
by  the  Treasurer. 

On  motion  of  Mr.  Lesley,  the  Committee  on  Publicati*: 
wae  authorized  to  issue  the  articles  published  in  the  Trans*' 
tions,  seiiarately,  or  together,  at  their  discretion. 

And  the  meeting  was  adjourned. 


.VoMi  "»  the  Plate  nf  thr  Sliamn  Cvnylinneriilt  in  the  i'aUnotoie  8»ri 
Prof.  I.  C.   Whita. 

<,lttad  btfore  the  Amtriean  Pliihtopkteai  Society.  Dte.  17,  tSSftj 
Willi  rcgurd  to  the  [ilace  of  this  ruck  in  the  sericR,  ubuul  wbldi  Iheff 
lias  beeu  inucU  diversity  of  oiiiuioD  amoDg  geologists,  I  liiire  to  s»y  Ib^ 
my  study  of  il  and  ils  asaociaied  rocks  during  Uie  paat  seaaon  in  ibis  d0 
irii;!,"  BS  well  iw  ID  Venango  and  Warren  counlios,  lo  tlio  ensi,  and  in  I* 
State  of  Ohio  lo  ilie  wi'st,  lia«  dispelled  llie  iden  tliat  I  at  uac  lime  enteS 
laiiied  of  tlie  possiWItly  of  its  licing  tlie  Vespertine  Ci  m  glome  rat  e,  or  Nc 
X  or  Rogert),  and  bas  conHrmed  me  in  tlie  positiuD  tbut  I  took  In  m. 
reporls  Q  and  QQ  on  Beaver  and  Lawrence  counties.  Tie  ;  tliat  il  is  Use  tru 
.  base  of  No.  XII. 

Il  may  Ik  of  liilcn-st  to  Nlatu  here  the  reasons  which  cuiisod  mc  lo  enler 
lain  sucli  )i  |Kx>sihi1iiy. 

It  bap|>ene()  that  during  my  season's  work  in  Mercer  county  tn  'TO,  1 
dlseuvered  n  new  limestone  in  the  Halioming  river,  only  alMiiit  SO'  above 
the  horlxon  of  the  Sharon  Conglomerate,  anil  nearly  100'  helnw  »ny 
Blone  hitherto  known  in  Wesierii  Pennaylvaniu.  Il  wib  flllrf  with 
antl  some  oflhom  seemed  to  he  related  to  9uhcarlMinitl?roUB  types, 

•Theao  tiol«s  were  wrllloii   for  Oi"  Rppftrt  of  Pro 
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[WHIM. 

.AAy  u  niiigLilar  fuiulity.  It  idso  buppi^niKl  Itiftt  the  auppleoiontHl  Report  or 
^r'wot  Otion  on  thv  Hanging  KorktIUtrlct  of  Soulhein  Ohio  CBino  into  m; 
j-»  w«^i1i  Al  ftliout  Uia  sanie  tluit!. 

Xc  is  well  lumwri  tliut  In  Ihe  Report  in  question  Pror.  Orton  CnkeB  t1i<- 
aSir«»und  (In  wlilcb  lie  was  alau  suslulntKl  by  tbe  Chief  Geologist,  Prof.  New 
*»  g-  ■-■T).  titaltlieXwilMornA'iylimal  of  [hat  State  is  of  Su6Mrft"ni/'er..UJi  ayir, 
^A^»tcv,  BB  Ite  niaintuinetl,  its  plitce  ronies  bfilow  tlie  horiawn  of  the  MaxvUle 
C<^^c>lL-r)  Limestone  of  Andrews,  and  as  Ilic  MaxHtle  was  pluced  in  (be 
^k^^<;lio^  a)j<mt  lOU'  alxive  the  Jackinn.  nhaft  eaal,  1  stijiposed  tlit-ro  could  lie 
M-m'*^  doulii  iiliout  it. 

r  *lio  know  tltut  wherever  tlieJiicksoQsliuft  seam  was  placet),  the  Sharon 
■  «»«»st  go  with  it,  since  Ihegeneralsirutigrapby,  tlie  flora  connected  with  each, 
•«ir«cl  everything  else  found  in  connection  with  Uieni  go  In  prove  that  they 
zm.r(?    Identical. 

'r*licn  the  fact  titat  Prof.  Orton  placed  the  ifu;EGtIbi'i'n«retM  the  same  dls- 
l^xa<j«  Iwlow  tiie  Zoar  Limtntoitt  (^  our  Lower  Mercer)  that  I  had  foiiad 
*■>*■?  fuio  Urafttone  Iwlow  our  Loinr  Mareee,  strengthened  the  sup|K>sitiori 
t-tiaA-L  it  might  \te  synchronous  at  leiMt  with  the  Maxrille, 

jVikI  in  order  to  bring  out  tlieHC  new  facts,  I  prepared  ii  itpeeial  clutpter' 
for  «ny  lleporl  on  Mercer  county,  liQQ.  entitled  "The  Place  of  the  SLamn 
*-^>»al  in  the  Rock  SerioB,"  in  vvkicb  the  facts  were  given  that  seemed  to 
*''*'^«»r  the  view  ibat  tbe  Sharon  Coal  was  of  Subearho'iiftroui  agt,  and 
*^e    OonglumerRte  below  It,   Vetimrti'iu. 

'RrsfoTV  Ibe  vojuino  was  publiahe<l,  however,  [  had  studied  the  matter 
*till  fntllior  lu  the  Crawford  and  Brie  district,  aa  well  as  elsewhere,  and  as 
•♦^f'^ro  sljitoil.  WW  reasons  for  the  giving  up  the  probability  of  its  Subcar 
'•aniferuus  ago.  I  acconlinglj  requested  Prof.  Lesley  to  suppress  tbu 
*^)tnpiiT  in  question,  as  its  publicalioa  at  that  time  would  have  done  more 
"iriii  ibao  good,  llcniv  QQQ  was  allowed  lo  leave  tlie  press  with  Chap. 
*  II  stricken  out,  In  the  meantime  Prof  Orton  has  written  me  Chat  be  will 
**»**•  lo  give  up  the  position  tlial  be  look  in  Vol.  Ill,  of  the  Ohio  survey 
^'Uli  regard  to  the  Subrarhonifrrouii  age  of  the  ■faekion  th-jfl.  ciat,  and 
^Ith  that  abandoned  there  remains  so  little  evidence  that  the  Sharon  coal 
™  Stibearbonif trout,  tliat  for  the  jircaunt  it  is  not  worth  serious  conaidera- 
«on 

The  rorcgoing  pxplanatlon  is  relevant  in  this  cunneetion  because  of  the 
^*iTrrnoy  given  in  Prof.  Lesley's  preface  M  QQ,  to  the  views  expressed  In 
*fc«  afterwanb  discarded  Chapter  VI[,  of  QQQ. 

But  while  it  thus  appears  that  the  Sharon  OonQlaniBratt  is  the  true  Itose 
**f  the  Carlionifcnius  eiKicli  pro|ier,  it  must  also  be  remembered  that  like 
y^  Sharon  toal  resting  on  lis  top,  ilsecmiitobave  been  adeponil  iiecullano 
^]teiMr(A«raWuiori1ieCual  measures,  everywhere  skirling  them  around  the 
.  Jlkonhi  but  seldom  passlngfursoulliuaderthem.  so  that  although  towaid  the 
n  is  definite  enough,  and  it  is  plainly  seen  that  IhcSuioar- 
WtM  roelu  end  with  tbe  Imse  «l  this  slratom,  yet  toward  tbe  south  in 
«  of  Ibis  rock  the  SulKrarltonifcnnw  bods,  with  their  fos.sils,  extend 
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up  lo  ihe  base  of  ilii;  Skiirvit  eoat.  nnd  in  llie  hIischcc  nt  Hint  clepoilt.  »tW' 
i-xlend  tolbe  very  Iiaao  of  Ihi^  l.o<rirr  C'lnnoqutnennng  S/tniUlon»  wMth' 
iliea  hecoiiics  ilie  iMwe  of  tlie  OongloiiuritU  ttrUn. 

ThuH  it  ie  lliat  in  iwssini;  south  nluiig  itie  Slieniiagii  unil  Hnhorala^ 
rivers  inUi  I^awrenee  i-ounly.  the  Cag'ifioff'i  ihilt.  and  iis  fosgUg,  htu  tbUD< 
coming  up  lo  tlid  ItuBc  of  tliu  Lower  ConDoqiiciiL-BHing  i^tvlslnn 

It  follows  from  this  iiortliivnrd  distribulinti  of  the  SUnroii  ConglomimtQ, 
ihnt  the  marine  randltlons  Uiat  liiul  so  widely  pruvniled  (luring  tlie  c 
period  of  tlic  SiilicArbonirerous  epocli,  so  fnr  ns  Wcstorn  PcniisylTsnlit  I 
concerned,  cnine  loiin  end  sooner  nrnund  liie  iioi'iliern  mnrgin  of  the  p 
ent  coal  flold  llitiii  clsowhere,  that  In  ihc  sc>utli.  mnrlnccoailitions  pontlnuad! 
lo  prevnll,  while  on  tlie  northoru  Iwaclies,  iirouglil  above  or  Hour  Mft-k 
either  by  greater  rising  or  less  rapid  subsidence,  tlie  Bharun  Conglomento' 
commenced  to  accuninliite.  and  continued  w  do  go  during  llie  long  lime  ibtt 
marine  conditions  silll  obtained  to  the  southwurd  ;  Anally  however  tlie  iB"- 
cunion  of  the  conrse  sediments  of  the  VonnogneMHiiing  Saiidito/v  deslro/«^ 
the  life  in  the  sliullow  seas  P!outliw»rd,  and  bo  Ihr  as  we  know  this  pot  > 
,eiid  to  aubcnrtmnlferous  life  and  conditions  in  Westi^m  Pennsylvania,  Utat 
had  already  Iwen  foii'ed  a  eonsideiiibk  distance  southward  by  ih«  lncar- 
Blon  of  the  disturbing  currents  which  carried  the  coarse  material  of  tb ' 
SliaroQ  Conglomerate.  It  may  even  bare  happcnvd  that  sllil  farther  msai 
iilong  the  Chestnut  Ridge  region  where  siihgidenco  woa  gmiter,  that  til 
marine  oondittoiiB  of  the  Subcarboniferone  eporb  coniiniied  to  exist  unlfl 
the  great  ineursion  of  cfiartM  sitltmeDt  which  formed  the  Ihnxfirond  8ani 
iloTtt  and  completer)  the  Cunghntrafe  itriet.  and  this  indeed  sepim  in  ennl 
regions  to  bnvi>  actually  been  the  alat*  of  affairs  since  In  Payetle  n4irt  Vw 
moreland  counties,  Pa.,  and  in  ibe  adjoining  wiuntyof  Monongalia,  "Tt 
Va.,  the  only  member  of  the  scries  present  in  any  force  la  the  Upptr,  c 
lIoTnmiood,  and  it  is  lT5'-300'  thick.  Tliere  ie  nothinc  at  all  to  rtfpnaU 
the  Sharon  Con-ilmnrrrtte  of  the  north,  and  the  interval  between  the  OW 
bral  Limnili'ne  and  the  Hointwocd  Snndtloif  \e  made  up  of  reddlatiAtt 
greeiilBli  shales  In te rat  ratified  with  grucu  sandstonL's  wliicb  IcHik  mors  iHA 
SiibeaTtiani/eroin  roekt  than  any  re pri'sciita lives  of  No.  XII  that  T  1 
ever  seen.  And  in  Rtct  at  timva  ihi.s  Honii-nood  flnndstone  itself  appeafl 
absent  or  In  lillle  tbrce,  and  then  the  red  .shales  of  tlic  I'inbral  rotiUnnl' 
up  to  the  very  Imse  of  the  Lo'fer  Prodiiative  Coal  m«aKir«>, 

Hence,  if  um  correct  in  this  interpretation  <>t  fuels,  it  will  not  do  to  dni^ 
a  hard  and  (Itst  line  at  any  place  in  the  scries  and  say  thai  every  thing  Apt 
it  is  CaTb'm(f'-'-eu»  and  everything  below  Subcirboniftr-mt ;  fi»r  as  mU  0 
we  can  uumvcl  the  liislory  in  Weslern  Pennsylvania,  it  would  wem  ttal 
the  Sharon  C>iuglomerale  at  least,  was  in  jirocess  of  forniatioD  and  iji 

uhronouB  with  marine  conditions  |>revailing  fartlicr  south,  essentially  at 

Ur  to  what  had  existed  at  the  norih  previous  to  Ihn  change  in  cmdltloil] 
wbicli  rendered  thi^  iieeumnlalion  of  that  mass  of  coanw  seiliment  praallile 
and  that  subseiiuonily  the  changod  conditions  »t  the  nortli  were  c 

d  fnrlhcr?i.uHi  wilh  hmM  great  iiicursii.n  ofcmrse  mnlerlnT  Unf 
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iltperiod  ciilmiudled  luul  i.>nileU  by  tliu  apiciul  of  tlxi  HotiiawiMil 
•lM  an  almuai  uiiiveraiil  ctivoring  over  Western  Pvnnsylvcuiia. 
tPthbflnal  cnsUtatrophe  scitrc<Oy  any  of  ihe  life  fonuK  thai  bad  exisi- 
c^S.  b«lbre  the  itcciimulAlioo  uf  tlic  Blmroa  Conglotnerale  remained,  iliongli 
t^«±  pnxx'Ss  at  cxtinctiiin  nnd  ch»ngc  liiid  t)e(?n  pi'ogrrggive  townrd  the  aoiilli 
fir^tn  ihn  beginning. 

<Z*n  UiiK  Uieory  iinly,  si i  far  as  I  ran  see,  cnu  wu  cxplnin  tlic  rcsiills  ni 
tie  hid)  Mr.  Pliitl  t{  Ilie  tiurvoy  Corps  Mems  to  have  arrived  from  ilir>  study 
•  •t"  tlie  TU(-ks  til  itiu  scjiith-oust  In  Juflerson,  Indians  and  .Irinstrong  coun- 
licis,  viK  .  iliBtihr'  ri>ck»  of  No.  XI  CSubcdrboniforous)  extend  up  to  Ihe 
t»i»j[ie  of  iliR  Ilomticood  Sarulil'iiu,  und  thnt  I'l  Is  llie  only  member  thiil  uan 
1>«  prii|)orly  placed  in  No,  Xil. 

In  tucli  lucaliliia  wliere  SubcarlioniferoQs  conditiouB  soem  lo  hnve  i-x- 
iwtj^d  iiiilil  Ihe  f'pnc.h  of  Ilie  HomeWMMl  Sandstiine,  or  top  ineiulKT "f  thi: 
i"*t3i»glijiiierate  sprieB,  it  wimUi  certainly  be  unni»)  to  include  nny  lower 
'»<»«)»  in  Uits  aerica.  hikI  ynt  it  9ecm«  ti)  me  eaiially  wrung  to  draw  the  liiH; 
a-Iong  ibu  Uux.-  ofUit'  Jlomeamid  SamttCana  in  audi  a  case  and  exlcnding  il 
nver  wldn  areas,  lull  evvryltiing  below  it  Biibcarbonlrerous. 

Il  la  aiiuetaioii  oftinK.-  against  cuiidilions.  llil  be  rigbl  to  call  all  rocks 
•'*««A«virioni/Broi**  tliat  wure  lorined  everywhere  and  under  any  aurraiiridlngs 
ontil  Subcarbuniremus  conditions  had  dosed  everywlii.>re  then  it  would 
UHdoiibtLilly  lie  correct  to  draw  the  line  aiiunrcly  at  the  base  of  the  Unnie- 
"•XmI  t^ndalonu ;  hut  under  llio  brondor  view  that  discards  cataclysmal 
'-'••Higes  in  llie  Earth's  hiarory,  and  recognines  tlie  now  well  proven  fact 
'^'tttftlnioat  all  great  changes  have  lieon  eradiial  and  pnigressive,  and  that  to 
"«  au  ih»y  mnsi  liaro  had  n  licginning  soniewhcrc  in  llie  midst  of  widely 
^UlnriDg  oundittons,  reoigni/.ing  this  principle  it  seems  lo  me  there  should 
°*  HI)  bealtAtlon  about  extending  the  line  downward  from  Ihi^  base  of  the 
*"*inuwoQd  Sondetono,  aa  we  prfieeed  north,  under  the  father  edges  of 
**>c»e  nonhorti  Cnnglomoratea,  until  we  reach  the  base  of  the  Sliait)n  Con- 
8toroe[»t«.  even  if  this  latter  stratum  were  coelimeoua  with  the  deep  aea 
^^Ukl  prevailed  along  the  aoulb  line  of  Western  Pennsylvania  during  the 
*-'h««er  tiineatoDe  epoch,  for  all  these  coUKlomeratic  Mindslonts  from  the 
*^»tof  the  ShniDu  to  the  lop  of  the  Uouiewood,  were  formed  under  similar 
^'^ndltiuns,  and  the  Snbc»rboniferous  spa  at  no  time  returned  northward  to 
'**<0rBthc  life  forms  wldch  the  appearance  of  the  Sharon  Conglomerate 
***d  driven  away  forever.  To  do  otherwise  Ihun  tbiii  would  lie  ei|iijvaleni 
***  <d*Bdfyiog  the  murine  drpoaita  which  ar'i  now  taking  place  along  the 
*****laof  this  country  and  Europe  with  the  Cretaceous,  because  perchance 
^**l»e<!ous  life  and  conditions  may  now  exist  in  the  deep  bLHi  of  the  At- 

I  Itave  disL'uascd  this  matter  somuwliat  at  length,  Imping  to  throw  some 
"B'll  upon  and  help  to  harnioniKC  the  hitliorti>  c'intlicting  results  of  all  who 
'u»»(  underWkuu  the  study  of  this  question.  It  is  certainly  a  dlfflcult  sub- 
'•^t  to  dcsl  with,  but  it  swmB  to  me  that  we  have  now  got  hold  of  some  of 
^  Itirends  at  least,  out^of  which  the  true  history  of  the  fabric  can   lie 
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Mr.  Lesley  said,  in  presenting  these  ootes,  tbat  lie  consi 
ered  every  field  gcologiBt  entitled  to  the  exproSBion  of  I 
opinions,  but  that  only  such  af  worked  over  the  whole  fiel 
and  knew  preeiscly  all  the  facts  in  every  part  of  it,  woi 
be  likely  to  see  a  cleiir  way  to  the  final  resolution  of  i 
difficulties.  These  didicnltieR  cannot  be  resolved  on 
Ohio  side  of  the  coal  field  alone ;  nor  on  the  Alleghai 
Mountain  side  of  it  alone  ;  nor  by  even  an  exhauative  obea 
vation  in  the  north,  nor  by  an  exhaustive  discussion  of  the 
in  the  south.  If  there  be  "ii  northern  rira  "  to  the  ancii 
coal  field,  there  ninat  have  been  an  eastern  and  a  sontht 
and  a  western  one  also;  nud  no  genemlizntion  will  av 
that  does  not  satisfy  the  data  all  around  the  com] 
in  fine,  alfo,  all  over  the  interior  area,  where  unfortanab 
we  have  very  few  opportunities  for  study. 

These  difficulties  are  set  forth  in  the  preface  to  Mr,  Plal 
report  II  5  on  Armstrong  couTi(y,  in  which  tlie  same  W 
gestion  of  an  overlapping  of  the  upper  divisions  of  No.  S 
is  made  which  Prof.  White  makci<  in  theac  note*.  Bat 
Ib  there  shown  that  the  exhibition  of  No.  Xll  alon^ 
Alleghany  mountain,  and  in  Maryland  and  Virginia, 
well  as  in  the  northern  counties,  and  in  the  Anthracite  < 
region  of  our  own  State,  is  not  such  as  can  be  entira 
explained  by  the  suggestion^  which  has  its  value;  Vt 
which  must  l)e  cautiously  followed  as  a  guide  in  clue^ 
cation. 

The  combined  labors  of  half  a  dozen  geologists,  all  equal 
competent  cm  observers  and  theorizers — tabors  pursued  Brt 
mittingly  now  for  half  a.  dozen  years — have  not  yw  soffil 
to  procure  all  the  light  we  need  to  have  thrown  on  the  sj 
chronomy  of  even  our  own  I'ennsylvaniaii  CarboDtfeH 
and  Devonian  de{>08its;  and  every  fresh  »ur\-cy  in  a  » 
district  like  that  of  Mr.  Jones  in  Maryland,  and  that 
Prof.  Stevenson  in  Southwest  Virginiu,  serves,  amoog  oti 
tbiugs,  to  throw  doubt  upon  the  shifting  general ixation» 
which  too  many  otherwise  judicious  geologists  are  prous 
indulge — reversing  the  direclions  in  which  wc  look  fi>r 
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«^a*i£iiial  30ur«es  ami  iiiaxinia  of  Uefmeits—shoitoiiing  the 
■-jfcct  ii  of  areus  of  violent  variations,  aii<l  even  of  rtoncon- 
f«>irvnabi1ity — and  embarniefiing  the  best  Inid  [ilnns  for 
^Xor'tnfr  the  statf  of  things  in  siiicient  i\ay^. 


I'haSotlunamir,.     %  PU„m  Kai-le  Chae.   LL.D. 
( lUiid  btf'irt  ihji  -Inwi'ieKii  PhUotophUiil  Soeirty,  Jan.  7,  I 
Tl«p  genuml  Inws  ur  uioiion  Imve  Ih'CH  krgfiy  stttdieii  in 
v<^iil»   ihc  »i>ec1ftl  itopanmenta  of  TiKTmoilynninicB  "nil  Electrodynamics. 
^■■•lllc  niu-nlioii   lias  Ueou   [>*icl,   com  para  lively    spcukini;,    lo    llie   nrncli 
'»ro»»rfer  flclil  of  I'botodynainicc. 

Sir  Julin  Ilerscliel  slid  wed*  thiil   lliir  elnslic  Tarcv  i>(  Iliu  nir.  in  its  rostat- 

*•»«;«  til  coinprvwiun,  woiilil  rvqulro  lo  be  Increased,  "  in  proportion  to  tht 

in^rtt.i  nf  tit  motu^itft,"  uinro  Ibun  l.l)OU, 000, 000,000  Told  to  HduiU  of  tbe 

I>rupMgnlion  of  a  wstu  with  llic  volucily  of  light,  und  iliat  this  ODormous 

Physical  force  is  pcrpetiully  cxcilod  at  OT(ir)-|ioiiiT,  through  hII  Uio  iminen- 

^t.y   of  s|Nicu.     Healsosaidt:    "  It  must  lie  rememberfJ  that  it  is  LIGHT, 

"""rf  thtffte  eommitnitation  ff  it  from  tht  retnolMt  rtninn  of  tltt  aniMru, 

'"liicti  alone  con  give  and  does  give  us  the  Bssnrtince  or  n  nnlform  luid  all 

l*"rvadiag  energy. "     Wc  have  no  etiually  positive  evidt-nco  of  the  direct 

I  n^nstnlMlon  of  huut  nod  electricity  from  the  lieavenly  bodies,  aud  inas- 

■"Och  H8  all  thcniial  and  electrical  phenomena  cnn  be  explained  by  local 

tnknafommiions  of  simple  rwliaul  encrgiy,  the  philosophical  Imsis  of  Phu- 

'**<l}'itaniic«iij>pcnni  lo  t)e  lieltcr  jcrounded  timn  that  of  cltlidr  Thoriitiidy- 

"«ini<s  or  Elccirodynaiuies, 

In  itfitu,  I  ixTgun  a  aericx  of  generul  kinetic  Invcfltiguiiuns,  in  contlrnia- 
'loii  ,,r  views  which  may  be  txprcHsvd  by  llii.'  following  general  |>osiiilatc  : 
■*W  pAytieal  phtaomrnu  are  due  I"  na  OianiprtserU  Poicte.  arting  in  leayf 
"*Afc4  nuiy  be  repreteiUcd  by  karmome  or  r^Hieat  undulalione  in  an  tiattie 
"*^tiHm-    In  my  llret  ptipcrj  I  diowcd  llie  im|>ortance  of  the  ninihiiucutal 


•^uatloi 


==-:    "  the  medulHt  of  r ;  In  which  (  represcols  the 
idomic  rotation,  and  y  represents  llic  ac- 


*'»•»*  of  ixi^niical.  molecular, 

<"«1«r»tion  nf  a  central  force. 

Ify  combining  these  eiiuniiuns  with  rousideraiiona  derived  from  the 

'-'^t^iality  of  ckAiie  uiaione  Jtiid  reactions  proitoriiuncd  to  mass,  and  ^ni 
^■I'lencies  to  couaarvatlon  uf  arena,  t  found  tlinl  the  dnilyand  annual  Hue- 
^uiuIodb  of  the  iHiroineter  furnish  harmonic  indications  of  Sun's  niass  anil 
'"■tuDcc,  and  t  announced  my  confident  expectation  uf  other  Mlronotnical 

*  familiar  iMiiurn  on  ftolcntlfla  UubjectH.  pi'.  3S1-': 

Mb.p.  21R. 

:iv<[icAin  rtiii  U.W..  vol.  Ia.  p|.,  wa-s. 
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verifloftUonsbr recUflcatioiuby'iiMuitof vftiyingiireiMirafti*    In tte 
ingywr  I  InirDduced  Ihe  hypothetii,  which  h«  riaoa  baea  laiftly  dfnm  "** 
oped  by  Edlnnd*  that  eleotrioUy  oonsistt  Bimply  of  fftiMmU 
In  oonflrmatlon  of  this  hypothetts^  I  showed  that  many  of  tho 
of  terreetrial  magnetbin  can  be  prodaced  by  dmplo  meefaanleal 
reeembllDg  those  of  the  atmospheric  currents  which  arise  fton  ttMj 
bined  action  of  terrestrial  rotation  and  thermal  ocmvectioD.)    In 
tioD  with  these  inTcstigations  I  called  attention  to  the  inportaacs^i 
some  of  the  probable  consequences,  of  radial  and  tangential 
moving  with  the  rapidity  of  lighi,%  and  of  their  bearing  npon  "tjbe 
nomena  of  light;  heat,  electricity*  polarity,  aggr^;ation,  dlflbslonv 
ologlcal  clianges,  seismic  tremors,  crystallization,   stntiiloalloD» 
action  and  genenil  morphology.  "| 

My  disooTcry  of  numerous  numerical  relations  lietween  gittrltjaadi 
netism,  for  which  the  American  Pliilosophical  Society  awaided  Us 
lanic  medal,  led  me  to  seek,  in  the  maximum  manifestations  Of  gmillaflM, 
(brce^  the  correlation  of  gravity  with  other  forms  of  energy,  (br  wUoh- 
day**  iiad  looked  confidently  but  in  Tain.  The  greatest  gtavltatbig 
oar  system  and,  therefore,  the  greatest  of  which  we  have  any  divsoti 
poeitiTC  CTidence,  isatSun'snurface,  where  material  partides  are 
(6  sudi  oscillations  as  may  arise  from  the  oonilicting  centripetal  6liofg|es< 
solar  attraction  and  of  the  resultant  attraction  of  all  other  oosmlcal 

In  applying  the  fundamental  equation,  ^  =  ^»  at  Sun'ssurfkoeorths, 


cus  of  maximum  gravitation,  I  found  that  tlie  equality  of  action 
tion,  as  sliown  by  tlie  sum  of  the  solar-central  gravitating  reaetlolia 
the  sum  uf  the  gravitating  actions  towards  the  centre  of  the  wMt 
in  the  cyclically  alternating  thrusts  and  pulls  of  half^roCatlcsi,  <i 
wnted  by  the  vdoeity  of  ^i^A/.ff    This  discovery,  together  with  tiie 
tiflcation  of  the  same  velocity  as  a  factor  of  electro-magnetic  action, 
was  completed  and  conflrnied  by  tlie  investigations  of  Thomson  and 
well,  brougiit  all  pliysictil  plienomena,  cosnitcixl  as  well  as  molecular,  wlt1». 
the  domain  of  Photodynamics. 

The  molecular  phenomena  may  be  readily  connected  witli  the 
through  the  corre8i)ondence  between  Challis's  laws  of  molecular  action 
the  laws  of  attraction  and  rotation4t  They  furnish  grounds  for  estlmsti  J 
Sun's  mass  and  distance  by  means  of  the  explosive  energy  of  hydrogen  = 
for  discovering  some  of  the  subordinate  elements  of  planetary  ananfl 

•lb.  Jx.asS;  x,:m. 

t  lb.  Ix,  355-60. 

;  lb.  Ix,  3S7-71.  4iS-40,  4S7-!i>;  x,  ir7-llS  I'A-m. 

{lb.  ix,40Ml. 

I  lb.  Ix.  4.W. 

«•  Exp.  Res.,  2614. 

tt  Proc.  Am.  Phil.  «oc.,  xl,  ItfV-T. 

nib.  IX..S67-71. 

HIb.  xi^.-SU-f. 
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'  fur  n  in[iibi!nuitli.-iil  iluductlou  of  tlie  ratio  (1.4'232i  between  the 
tit  tita  of  gaseous  toIuiqc  (,ht'tt  under  eonttant  voWmi!  and  tlie  tit 
111  uniform  velocity  {heat  vndtr  eonitaut  prtuure)  ■.\  fur  fiiuliog  an 
WS^n  tttjr  of  Uw  Ln  luminous  ho(1  pl&Detury  aotlee  :{  for  a  cosmical  determi- 
is«m  V-ion  of  Joule's  equivalent  ;g  and  for  connecting  the  molecular  ve loci li us 
■'»^'     ^^Mseoua  psniclM  with  the  velocities  of  terrestrial  rotation  and  revolu- 

.^k.  Itltougli  niany  of  the  stellar  motions  indicate  the  probability  nf  gravila  - 
I  ■  r>  ^  action,  innthcrsystemsthanourownnnd between dlfTitrent  sfBtcnie,  no 
iXi  ari^^;!,  positive  and  measurable  evidence  of  such  action  has  yet  been  found. 
■-^  v^s.'vitating  and  elastic  forces  may.  however,  be  numerically  compared, 
t  •»  a-sitisli  tlio  cnnmioQ  equation  of  wave  and  orbit*!  velocity,  o  ^  /S  gh,  in 
v«?  li  i  «;h  h  represents  the  height  of  virtual  full  which  would  give  r!ie  required 
v-^ltX'ity,  or  f  ilie  height  of  »  homogeneous  atmoBphere.  or  )  the  radius  of 
»  «=ixxuiar  orbit,  or  thu  focal  diatance  in  a  parabolic  orbit.  In  consequence 
<^f  A-lae  tendency  of  nodal  jioiiits.  in  any  vibrating  elastic  medium,  W 
r»'^*«lu<»  Itarraonic  vibmiions  and  harmonic  uodes  of  various  itinds,  we 
'v^n-3''   rcnsonahly  looic  for  such  nodes  as  rcsulls  and  evidences  of  intcrHtcllar 

^^^  oiioDg  tlic  various  gravitating,  luraboloidai  and  harmonic  wuve  influ- 
<=«»<5«s«^  which  hove  been  instrumuntal  in  world  building,  ihe  following  seem 
*n"e«;iBlly  nolewonhy; 

''  ,  The  principal  centre  of  nncloailon  in  tJie  solar  syalem.  which  is  repre- 
■"-»»l*»rl  by  the  Sun. 

9.  The  principal  centre  of  amdensation.  which  is  represunted  by  the 
"^■^rLti ;  Mercury's  secular  perihelion  being. 2074,^  and  the  secular  aphelion 
'**"  *ra[B  beine  1.73648,  ihe  middle  of  the  dense  bell  of  planets  is  1.0I(W4, 
**'*>i<ih  i«  midwav  between  Bartli'a  mean  distance  and  mean  aphelion 
■   »  -0338T). 

J".  TUa  princiiuil  nebular  centre  of  the  system,  which  is  represciiied  by 
'*  upi  ler'e  uieun  aphelion  ;  Neptune,  the  ajihelion  plnncl,  being  80.0338fl.  and 
^  •'SMins,  its  (Kirresiwnding  perihelion  plnnct.  Iwing  10,183.58,  the  nabulsr 
''•^nt.te  is  5.42.iU.     Jupiter's  mean  aphelion  i«  5,48735. 

*'.  The  linear  centre  of  oscillation  of  a  solar  diameter  { jj,  wiiich  gives  j 
''■••I  ills  as  a  dirocirii  of  pumboloidal  influence,  ond  j  radius  as  ihe  aiwcissn 
'*'    Use  paralKiloldal  vertex. 

*.    The  ratio  (J}',  between  ihe  solar  central  force  at  the  parulmloidnl  ver- 
*^  %  mid  llie  corroRponding  force  at  l^un's  etiuatorial  surface. 
C_  The  ratio  of  dissociative  subsidence 


'^*  fc  nebula  ns  u  fnndanientid  node,  Ihi 


velocity  which  would  lie  acquired 


:  lb.  ivii.  ig»-i 

'  'h,  MVllI,  II-.V 


OI1M6.J  ^IVV  [JH 

by  a  body  in  falling  flrom  a  distance  nr  to  any  other  distance  9  may 
found  by  tlie  equation,  vdv  =  gji^x'^d  (nr— «)  ;  integrating  and  redad 

{%gr  (nr  —  «))  ■ 
«  •=  •< >  •   If  this  velocity  is  due  to  a  synchronism  of  actlr 

between  nebular  condensation  within  any  given  stellar  system  and  parab 

tw* — 0  ,11 

projection    between   dfferent  systemsi  «  =  |/2^ ;    ^^^^^^'^^^^ 

ft  9 

n.  If  n  ==  2, =  -g-.    This  corresponds  with  the  centre  of  linear 

n  +  1      <> 

dilation  ;  it  is  also  the  locus  of  belt  formAtion,  on  account  of  the  collie 

of  sulMiding  particles  from  opposite  extremities  of  a  nebular  diameter. 

such  subsidence  there  would  be  a  tendency  to  form  confocal  olliptic  orbi 

with  mi^or  axes  of  -^  and  minor  axes  of  r  >/2. 

6,  In  rapturing  or  explosive  oscillation,  the  «»'«  e«ra  of  wave  propi 
tion  is  I  of  the  etli  tita  of  oscillating  particles.!    This  relation  was  sul 

quently  pointed  out  by  Maxwell^  apparently  without  being  aware  th 

had  called  attention  to  it  five  years  previously. 

I.  Harmonic  nodes  with  the  ratio  \,  (c),  indicate  the  primary  divisloi 
the  solar  system,  as  may  be  seen  by  the  following  comparisons,  in  whid 
represents  Sun's  radius  : 

Theoretical.  Observed. 

»2  To  =     81  To  Mercury  83.05  r« 

9>  ro  =    729  r„  Asteroid  76  731.87  r, 

9*  To  =  6551  To  Neplune,  s.  a.§  6586.91  r^ 

II.  The  influence  of  subsidence  (1^),  at  the  outer  surfaces  of  the  1 
primitive  belts,  is  shown  as  follows  : 

Theoretical.  »>l>Kopvod. 

I  Neptune  =  20.0226  Uranus,  m.  a.,     20.0442 

}  Mars        =    1.0158  Bartli.  m.  a.,         1.0889 

We  have  already  seen,  (i),  thai  the  middle  of  the  belt  of  greatest  o 
densation  is  1.0169. 

III.  The  influence  of  rupturing  oscillation,  {0),  al  the  inner  surH&oei 
the  two  primitive  belts,  is  equally  evident. 

Theoretical.  ()b8erved. 

J  Mercury  =     .696778  Venus,  m.  p.,      .696779 

;  Jupiter    =  9.3650  Saturn  9.5889 

The  oscillating  limits  of  all  portions  of  the  .Jupiter  l)clt  are  within  the 
tumian  belt. 

•  Pioc  Am.  Phil.  Soc.,  xvil,  J»S-10». 

tib.  xil,  392-4. 

X  ^e  Phil.  Mag.,  June,  1877,  p.  4Vn 

I %,f  tecuiar ,'  ^^  aphelion:  \ii,,mfan:  \i„perheUon. 
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*".  The  inllii(!iic«  (if  ixtmliolDiilitl  di 
iCh  of  thu'  primilive  bells  : 
i  Han        =      .3804 
I  Neptune  =    5.0088 

lNei.lmii!  =  10.01128 
»c  par»bi>loi'lnl  vertex   for  tlif   v 
irbclt. 
By  inlmdiiciug  Lupli 


Mercury  8.  [i.  .3974 
Jiipilerm.  p.  4.9782 
Suium  m.  u.  10.00006 


hole  Ndpliinitm  bell  is  within  ll>" 
limit  i>f  possible  s')lar  iiim<»phere'*'  (L  = 
r,).  and  tbemtio.  |     "    1,  of  tliti  fundannintftl  vtliniiiy  (  f- )  U>  the 

Biiondini;  iianibolic  Telocityf       ,      1,  wu  finii  lliu  following  gliuplu 


condensation. 


ter    \' 


'*4«xiK.*.ion  of  Mliir  utid  plBDetnty  Imrmonle  action  at  the  centre  of  prlii 

(1  year  Sun's  semi  diameter 

I  day        Earth's  seml- 
'''W*^  Earth's  sBmi-axi8-ra8jor  =  9U.!)to-(. 

'V  X.  The  cotnljined  inQucnck'  of  centres  of  nucleatiuQ,  (.j),  ami  of  nebu- 
^•^■^iiy.  (^).  Kllhc  a-ntre  of  condeoMtlnn,  r).  leads  Vi  tlie  following  iltn 
t'lo  l»nrmonic  esiinmte  of  Son's  iums  and  distance. 

l^mili's  Mimi-Dxis  major  boiog  314, .'Mrg,  Ibe  tereroge  of  the  paraboluidal 
'I'focuix  is  (ai4.M  +  )  =}  814.87r,  and  the  mean  leverage  of  Jupiter  la 
'^■303798  —  11  X  3!4  54r„=  «)1.6682a3ro.  Multiplying  by  the  respcoUv* 
"^Aases.  wc  obula,  for  the  ratio  or  Sun's  comparative  Uiaturbing  force  at 

IK-     ^,        ^  .  ,  ,         ..  -         IMT.STO  X  814.87 

*■"«     dlrcrtrfx    nnd   at   the  centre   of  condensalu  ■  — 


'      1  X  90LB08283 
greiii,  wp  find,  for  the 
2411.713 


'*ft.713.     The  Bupcrflcial  uodai  force  (j)  being  1  i 

"Uio  of  Sun's  to  Earth's  superficial  gravity,  ^  - 

^"^  <lr»ignate  superficial  gravity  by  g,  volumu  by    V.  density  byrf.  nnd 

'»*«B  by  m,  it  is  evident  that  r  X  {g   :-  rf);   Vx  (a  -•   <*>';  incc  (i^   ;-  J)  , 

''  ^  0/  :-  I"  I-  Hence  we  readily  get  ^°  —  .35533  ;  ^  =  (^^523)  ~ 
^»7.8b7;  J|"=  ^^^  ^  108.71:  Earth's  semi-oxia  major  =  314. 04ro  = 
"'■•-54  X  108.71  X  31«a.8  miles  =  93,423,000  miles. 

Vll.  The  solar  modulus  of  light,  (M  ^  688.82'r„l.   ftimishes  the  third 
'''orncni  of  the  parabolic  projection  which  is  Indicated  by  the  fundamental 

*^*»«lion  «  =   6-     The  three  elements  are  all  pholodynamic.  viz  :    1.  The 

^*^'»  (r„)  uflunnnoiiH  action  which  makes   g-  equivalent  to  the  velocity  of 

Ktii  ;  2.  The  locus  (Li  of  orbibil  half- revolution  which  is  synchronous 

^h   solar  half- rota  lion,   the  synchronic   time   being   determined  by   thn 

*^*'>city  «f  light ;  3.  The  locus  (M)  of  radial  luminous  progression  during 

"•  *«&■«  synohroDii^  lime  of  solar  half-rotation  ;  M  is  also  the  altitude,  in 

'  VrAfW.,  III,|4?. 


a6.86ro  ;  M  =  I    ^1  fo  -.  474460ro. 


Cha«e.J  208  yw.;, 

the  foodamental  equation  h  ■=  ^^  of  Sun's  homogeneous  ntlMnsiL  or 

light-propagating  atmosphere.  The  values  of  L  and  M  aro  foniid  as  foOom ; 

The  mean  time  of  light-propagation  from  Sun  to  Earth  behig  4KM 

seconds,  the  velocity  of  light  }v\  is  214.54ro  -f-  497.887  =  .480Mrc;  %» 

I  =  ..   ..  g.  =  1100065    sec.;  L  =  214.r.4r„  -.   {^^^^  = 

YIII.  By  introducing  the  ratio  of  dissociative  subsidence,  uy  wilk  <" 
general  equation  a;^  =  $l9*^*^  we  find  a  series  of  parabokndal  ataJ^* 
which  complete  the  photodynamic  demonstration  of  a  hannonio  aodil  ^ 
tion,  uniting  the  solar,   pUinetary  and  stellar  systems.     Take  te  ^ 
middle  abscissa,  }L,  and  for  the  limiting  abscissas  of  centripetal  adkMi  1f^ 
and  LM  -h  r^    Tlie  relative  ni%  viva,  or  the  locus  of  prqleetioa 
uniform  resistance,  of  the  linear  centre  of  oscillation  of  L,  fa  fL;  ^fill 
paraboloidal  vertex  ;  LM  -¥-  Vq  bears  the  same  ratio  to  M  aa  L  to  fg.  Kli 
take  18  successive  abscissas  on  each  side  of  the  middle  absdaa,  the  kp^ 
rithms  of  r^  and  ^  can  be  readily  found  by  the  equation  ; 
Log.  i  =  log.  i  =  —.778151. 

Log-  c  4-  1»  log.  1  +  361  log.  ;  =  log.  JL  =  1.906452. 
Log.  c  4-  38  log.  Tf  +  1444  log.  f  =  log.  LM  =  7.28e88ft. 

Of  these  39  abscissas,  9  are  between  the  vertex  and  ^r^  the  locus  of  sotai 
^lissociative  sobsldenec  (^);  9  are  l)etwcen  ^  Tq  and  L  ;  9  are  between Lul 
the  locus  of  reciprcK'a]  action,  which  will  be  presently  explained;  9acete- 
tween  the  reciprocal  locus  and  LM   :-  r^. 

The  40th  abscissa  is  4635.H0O0ro.  (log.  40353000  =  7.6Be079).  This  ii  li 
the  region  of  the  fixed  stars,  and  at  the  probable  locus  of  a  Osntavri  At 
four  most  recent  estimates  of  its  distance  ranging  between  4534000^ 
and  48479500ro.  Both  in  the  centripetal  and  centrifugal  bnuicheaof  pus* 
l¥)loidal  action,  12  of  the  abscissas  are  between  Sun*s  centre  andsnrta; 
-i)  are  between  Sun's  surface  and  the  planetary  region  ;  9  are  in  the  plus* 
tar}'  region  ;  9  are  between  the  planetary  region  and  a  Oentauri, 

Dividing  the  planetary  abscissas  by  214.54,  in  order  to  reduce  theati 
terms  of  Earth's  semi-axis  major,  we  find  the  following  aocoidanoes: 

On  trip-  Centrif- 

n.      etal  ab-  Planetary  loci.  n.      ui^ul  ab-  Planetarr  loci 

21  .2095    k  Mercurv  .1985  —21       .2494    Mercury  a.  n 

22  .3632    i  Venus  .3617  —22       .4362    Mercui^'  m  a. 

23  6459     ^  Earth  m.  p.     .6441—23       .7820    Venus  a   a.' 

24  1.1788  fMars  1.1424—24  1.4392  Mars  m.' n. 

25  2.a080  4  Astcmid  5.-)  2.2080  —25  2.7179  Asteroid  45 

26  4.2432  J  Jupiter  4.3357  —26  5.2666  Jupiter 

27  8.3673  S  Saturn  8.1762—27  10.4720  Saturn  a.  m. 

28  16.9809     i  Uranus         16.7857  —28  21.3662    Uranuaa.  a. 
jy  3V1523     JXeptune      35.0:W>  —29  44.7322     i^  NeptQMB.|k4i 


.]  209  [Chase. 

^^3oth  in  the  centripetal  and  in  the  centrifueal  abscissas,  Xq)tunc  indicatcM 
i-cKiiprocal  action,  as  if  from  a  joint  solar  and  stellar  tendency,  the  solar 
C2  pouderatin^.  The  centripetal  co-efflcient  (J)  is  reciprooil  to  that  of 
t  urn  (2),  Saturn's  orbit  embracing  the  primitive  centre  of  lotatiug  iner- 
^Ixdi,  ibr  the  planetary  portion  of  the  nebula  ;*  the  centrifugal  coefficient  (|) 
ii3.     t^lie  reciprocal  of  Earth's  centripetal  co  efficient  (j|)t 

^'^.ll  the  centripetal  abscissas  represent  loci  of  nebular  subsidence,  (^)^ 
-^^^  ^-k  ich  would  communicate  velocities  equivalent  to  the  corresponding  solar- 
^"^  ^  1  lar  |)arabolic  velocities. 

^ic^^ll  the  centrii)etal  abscissas,  except  Earth's,  correspond  most  nearly 
^li  mean  planetary  loci ;  Earth's  abscissa  represents  mean  perihelion,  or 
&  mean  locus  of  maximum  velocity,  which  is  also  the  locus  of  belt  forma- 
r>xi  ^1^)  in  a  nebula  extending  to  Earth's  mean  perihelion  distance.  This 
i.»*.y  account  for  the  number  and  simplicity  of  the  harmonic  relations  which 
l:m  amve  pointed  out,  between  Sun's  mass  and  distance  and  barometric  pres- 
^,  heat  distribution,  terrestrial  magnetism,  thermodynamic  via  viva,  ter- 
■"^^^xial  gravitation,  aethcreal  and  atmospheric  inertia,  specific  gravities, 
^^ci>lo8ive  energies,  terrestrial  rotation,  lunar  distance,  lunar  revolution, 
r*^  £^  raetary  eccentricities,  cosmical  masses,  nebular  amdensation,  dissociation 
^*^ci  aggregation,  spectral  lines,  thermal  equivalence,  atomicity,  chemical 
^^^i^lty,  velocity  of  sound,  and  velocity  of  light. 

SSlnce  these  results  are  derived  from  the  hypothesis  of  equal  gravitating 
^*^<i    fetbereal  action  and  reaction,  we  may  infer  that  the  density  of  the 

^^^^^i:^  iniferous  eether,  at  Sun's  surface,  is  (tit*)    of  the  Sun's  density,  or 

(^^  •  f5  X    25535  773        \  1 

~  "~4744e0»       ^  .0693  =")  6821000000000  «^  ^^^  ^^"^^^^'  ^^  hydrogen. 


Am.  Phil.  See.  xll,  406;  xviii,  431. 
ee  also  lb.  xviii,  23L. 
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al>ove  donation,  they  hereby  piibli»h  tlic  ronditions,  prescribed  by  the 
donor  and  agreed  to  by  the  Society,  upon  which  the  said  annual  premiums 
will  be  awarded. 

<"<>NDITIONB  or  THK  MAGELLANIC  IMIEMIUM. 

1.  The  candidate  shall  send  his  discovery,  invention  or  improvement, 
addressed  to  the  President,  or  one  of  the  Vice-Presidents  of  the  Society, 
free  of  |H>sta£;e  or  other  charges  ;  and  shall  distinguii^h  his  performance  by 
some  motto,  device,  or  other  signature,  at  his  pleasure.  Together  with 
his  discover)',  invention,  or  improvement,  he  shall  also  send  a  sealed  h*tter 
containing  the  same  motto,  device  or  signature,  and  subscribed  with  the 
real  name  and  pkicoof  n'sidence  of  the  author. 

2.  Persons  of  any  nation,  sect  or  denomination  whatever,  shall  be  ad- 
iikitted  as  candidates  for  this  premium. 

3.  No  di?>covery,  inventicm  or  improvement  shall  be  entitled  to  this 
premium,  which  hath  been  already  published,  or  for  which  the  author  hath 
!»een  publicly  rewarded  elsewhere. 

4.  The  candidate  shall  communicate  his  discovery,  invention  or  improve- 
ment, either  in  the  English,  French,  German,  or  Latin  language. 

5.  All  such  communications  shall  be  publicly  read  or  exhibited  to  the 
Society  at  some  .stated  meeting,  not  less  than  one  month  previous  to  the 
day  of  adjudication,  and  shall  at  all  times  be  open  to  the  inspection  of  such 
memliers  as  shall  desire  it.  But  no  member  shall  carry  home  with  him  the 
conimunicarion,  description,  or  model,  except  the  ollicer  to  wlumi  it  shall  be 
entrusted;  nor  shall  such  ofllcer  part  with  the  same  out  of  his  ousto.1y, 
without  a  special  order  of  the  .Society  for  that  jiurpose. 

f>.  The  Society,  having  previously  referred  the  sever.il  communications 
from  candidates  for  the  premium,  then  depending,  to  the  considenition  of  the 
twelve  councilors  and  other  offlcers  of  the  Society,  and  having  received 
their  rei>ort  thereon,  shall,  at  one  of  their  stated  meetin^^s  in  the  month  of 
December,  annually,  after  the  expimtion  of  this  current  year  (of  the  time 
and  jdacc,  together  with  the  particular  occasion  of  which  meeting  due  no- 
tice shall  be  previ(msly  given,  by  public  advertisement)  proceed  to  final  ad- 
judication of  the  said  premium  ;  and,  after  due  consideration  had.  a  vote  shall 
first  be  taken  on  this  questi^jp,  viz..:  Whether  any  of  the  communications 
then  under  ins]>ection  he  worthy  of  the  propose<l  i»remium  ?  If  this  question 
l)C  determined  in  the  negative,  the  whole  business  shall  be  deferred  till 
another  year ;  but  if  in  the  affirmative,  the  Society  shall  pro(!eed  to  determine 
by  ludlot,  given  by  the  members  at  large,  the  discovery,  invention  nr 
Imprrjvement  most  useful  and  worthy  ;  and  that  discovery,  invention,  or 
improvement  which  shall  be  found  to  have  a  majority  of  concurring  votes 
in  its  favor  shall  l)e  successful  ;  and  then,  and  not  till  then,  the  sealed  let- 
ter aecompanylng  the  crowned  performan<*e  shall  be  opened,  and  the  name 
of  the  author  announced  as  the  person  entitled  to  the  said  premium. 

7.  No  member  of  the  S<»ciety  who  is  a  candidate  for  the  premium  then 
drpending,  or  who  hath  not  previously  declannl  to  the  Society,  that  he  ha<! 
considered  and  weighed,  according  to  the  best  of  his  judgment,  the  compani- 
livc  merits  of  the  several  claims  tluai  under  consideration,  shall  .sit  in  judg- 
ment, or  give  his  vote  in  awarding  the  said  premium. 

8.  A  full  account  of  the  crowned  subject  shall  be  published  by  the  So- 


( ■duty.  uR  iwin  n*  nu)  l«  ufti-r  ilir  luljntnmllnti,  iriiljBr  lu  »  otim 
P  u^hm,  or  la  the  ncit  •iicaeniJlu);  viilumn  nf  Ibeir  't'nuiMu-tlniiit. 

I).  Tt^  duaiTccMcAil  pftrriirmuncc*  ulijill  rcmnla  uailitr  cnotidienHau,  anif 

r  Uiell  aiiitiuri  Iw  auuniilinjil  U  aamlUlukn  Tor  ihv  I'rutiiiuin  far  tlvu  jrtan  noxl 

I  itK-o-iullii^  Uiv  limn  (ir  tlirlr  iin-ivn  lino  til  :  fKcj't  mi-ili  pHrfomiancw  »•  ibi* 

ttuitiuiv  iiiBjHflti  Ujq  mKiiniliui;.  tliluk'Ut  ui  wlLtidraw.    Aixl  ihi-  Soi^ij 

slinll  annimll]*  piiUllKh  ad  nlmlmct  nf  ilip  tl^ot,  ntijoct,  or  lublrM  mwwr 

y  ot  ihc  tMiiiiiiuiikuiioDit.  Ml  under  Liiii«itle*rntitni  -,  siirli  xnl})  exfoiHAl  a«  ths 

SuL^nl;  tilinll  tliink  nut  witrtliy  tif  pnt^lie  notico. 

10.  The  lctii>r«c»ni]ilnln^ilie  n&iiiuciiif  antliim  wbiiM'pKrfofniuciDBdMU 
Im)  rpjcrJcd,  iir  which  ■hull  tie  fouuil  uDHiiccwrfhl  nfliir  a  trio]  nT  flvA  yRW«. 
[  shall  lin  burnt  imton  ih«  SocliTty,  wiDiciil  brtuklos  lli(  (Ah. 

,  In  cft*e  there  aluiuUI  tiK  ii  ^ltIlu^<^  in  lui;  yenr.  oTiiny  DumtnaaiuMtlnn 
r  minliy  nf  tlm  )irai»uiRil  iHiaiiiliini.  tiiini  will  ibmi  Im  twu  |iwiiitnnif  in  tw 
I  «wanl(d  Hill  niixi  you.  lint  nn  nruamiuulatiim  uf  pnuulDtiu  sliull  CB- 
T  ililc  (be  ntiihnr  lo  mucti  ibnn  nni'  promtuin  for  »Dy  nofi  lll»oov^ry.  |o*v»- 
r  U'fo  or  lm|>njv«ment. 

19.  The  pmulnni  Hhnll  omatit  <if  an  uml  tilnm  iif  willi]  Ainrfnrd  fliikt  nf 
r  Uiu  viilu«  iif  ipu-gulnukw.  Ou  imu  vtile  lUiimif  dull  bt-  nuntly  vtiitm*^* 
L  alion  Latin  moltn  iiultRil  in  ilu  nom^an,  lugntlvjr  wfih  ilin  wnnU  ;  ""T^ 
t  Pniintuiii  at  Jolm  HyiMilntli  tl«  Masillnn,  <tt  Loniloo,  tauMUtioil  tn  Un 
I  ymrtTSU  :"  anjim  tlteuilici  ritlciirtliciiIali-Minll  liL-engnToiItln^iv  wofd*; 

'* A-ii»nIi!iI  l>y  ilieA.  P.P.  fiir tJimllMmury  i.r A.  It. "    Ai|d 

tllM)  »Bti  tif  ibc  Hodotr  *'>'^'  ^  luinn.'ced  ui  tlia  meilul  by  a  rlblmn  [lutftlk 
^lirmigti  R  Miuill  Mc  ni  Uie  tower  odgo  tlieroor. 

Bku'iiD!*  2.  Tlin  M»gnl)nnl<^  f^mil  iir  Iwn  Uandrnl  i^uineiu  ilioll  hs  cnR- 
I  tiiili'roil  UK  mil  himilrt'i)  uu<l  tllly  JuIIutb,  itnd  itlinll  liii  liiTraliiil  Bi-)mnHely 
I  aon\  oiluir  AiDda  Imlnuglng  to  or  ubiIri  tJie  rate  iiT  Itiit  Socicly,  anil  d  miim* 
^^'  luie  no<l  iliHtllict  oci-KUul  uf  it  shiill  be  kupt  by  tlir  ticoHiiror. 

Tlic  Bdd  hinil  btinll  bv  cruJllcil  with  ibf  «uni  uf  i4ie  Iituu1n.tt  ilulUnk  U> 
rjvpr»unt  lliotmi  iii«iiiliirii8  f)>r  wlildi  ibii  Sorioty  li  nnw  llftblii. 

Tb«  trcjuturer  •boll  CTRiIlt  tUo  coiil  (imA  with  tliiriiimrMt  nii-jiivnil  im  llH' 
J'lOTCNlinont  ib^ntnr,  tnJ,  IT  any  BUrt>li»  ol'  mk]  tDtormt  nlin^l  itmialn  kAu 
■  ijiTOTkllns  lur  tlir  tiivmiiiiiii  wblcb  uiuy  lUvn  \>t  ikiuHiiibibltr,  mI(1  cur]>hlt' 
kvliAn  bnuaoil  liy  Die  8i<i-JiiTy  fur  lanklnK  piibllrjki ion  of  Ibo  lumm  nf  tkl' 
biiaiil  pmi^ium,  miO  flir  ibu  itdiliUou,  ii>  Um  ealil  pniiuitAii.  of  aiic^li  niiMMdic 
a  lb«  Society  niii^  rroDi  time  in  lltiic  tblnk  RuiLabl*,  or  RU'  Ibe  liiOlluuloli of' 
roUier  premiiinii. 

Tbu  trciitmriiT  tXhitt.  nl  rhr  flrot  Rtntuil  aKTinlng  ii(  tbt-  iWlcty  in  tlic 
luimib  nf  Di<cr:iiiliiir  unuuulty.  luuhe  u  ni|Hin.  uf  the  «ute  vf  eaiil  fiuid 
of  ibr  Invesiniait  tbcroof. 
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PROCEEDINGS 

OF  THE 

AMERICAN  PniLOSOPIIICAL  SOCIETY, 

HELD    AT    PHILADELPHIA. 


Voi^  XIX  JAXUARY  to  JUNE.  1881.  No.  Ui8. 


Stated  Jleeiingj  January  7, 1881. 

Present,  8  members. 

Presiileot,  Mr.  Fraley,  in  the  Cliair. 

lietten  of  acknowledgment  were  read  from  the  ^fortran- 
lindiache  GeseiU-Laft,  Halle  a. S.. Xov.  30 -lOO  to  lOo  ;  lirt;, 
and  from  Prof.  J.  J.  Steven vm  (100). 

A  letter  re'juestinff  exrhaii^e?  wa«  receive*!  from  M. 
DeMilloax.  Ihpetror  of  tlie  Mii>ee  Guiinc-t.  Lvon^.  On 
motion,  it  was  rvferrel  to  the  Con.'mrte:r  on  PuUi':a- 
tion  with  jower  lo  aot. 

A  request  from  th*:  AlbiiTiV  Ir>i;tu:»:  for  Xr«.  101  ^ro  o^tij- 
plete  a  a*t  wa«  ar.owe-:. 

I>oiuitioD«  f'*r  ihe  Libran*  'Tirre  r-e^e've-i  fr*''::.  *:-fr  riu^:a% 
and  Bei^n  Acai'ieri,:e^ :  thv  Flor.-  ]i:i*:iV.i :  •.::-.-  <  r-r-jr^i  }.'.- 
cal  Sriciet:eT  :ti  Par>  2;'.':  Br:-:,-::.  L  :.  :  :.  A*::  •-  r:-*  -.' 
an<I  Met-Ervr'/or: .-^i  >y/:-r:ie^  i.t-';  Xii'-^rr.  N:/:V'ia'.  A'.:,...\u: 
of  Sjci't.  A:-LrrV.Uiij  J- •:-;_..  ■  f  M^-:.  .r.-fc.*:.--.  ^'.  . '.■."- 
JoaJT&a:.  I*r.  •7.  ^^.  Jlh-.v*^.  •:  r:  '-V^^-  v;.  ^•.  ".'\'t.-::- ;•;.-.  ^'.  -v 
Je^a*v  HLit'r:^*  V'l'-iTv.  }  V' ' -■  -  '^  j.i::!  :  J-.j-.' 
tare,  H-  C.  Bt'::.  IL  •'..  L-*^'-.  J,'.  ::...;-.  rr..  '..  1. 
k£on.  ar*  i  r^:- ' :  l-  .  r.  ".i.  •.  I  :.-:"•.  ■  • . 
n   o^-i'Tiicrv  :   ■•  :^    .:   I'-r-.z  ?•'  ■   :    .  -tu-   t-^:  1     "  -•!•. 

a 

r^ry  I  L':.-!:-,  -f.v 


TXiu.^  wy.   2j:.  'a^   li.     :-jl:*7Xi  ri3a:Tiii  i1  lifcl. 
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A  note  on  the  protection  of  oil-tanks  from  lightning 
stroke,  by  B.  Howard  Rand,  M.D.,  was  communicated 
through  Dr.  Greene. 

Extracts  were  read  from  letters  of  Harrison  Wri/jht, 
Ph.D.,  respecting  the  Permian  shells  discovered  in  the  highest 
strata  of  the  Wilkesbarre  anthracite  basin  by  Dr.  Charles 
P.  Ingham,  and  referred  to  by  him  in  his  forthcoming  His- 
tory of  Luzerne  county. 

The  discovery  by  Prof.  Spencer,  of  King's  College,  Nova 
Scotia,  of  a  buried  channel,  following  Grand  river,  deep 
enough  to  permit  the  preglacial  drainage  from  Northwest 
Pennsylvania  and  Western  New  York  to  pass  across  Lake 
Erie  and  pass  round  into  the  head  of  Lake  Ontario,  was  de- 
scribed by  Mr.  Lesley,  and  its  importance  insisted  upon. 

A  colored  model  of  the  preglacial  channel  of  the  ClarioD 
(Allegheny)  river  in  Armstrong  county,  Pennsylvania,  in» 
exhibited. 

A  colored  MS.  map  of  parts  of  Lee,  Wise  and  Scott  coon- 
ties,  Virginia,  by  Prof.  J.  J.  Stevenson,  was  communicated 
for  the  Proceedings.  It  continues  (westward)  and  in  part 
corrects  the  colored  geological  map  of  Scott,  Russell  and 
Tazewell  counties,  by  J.  P.  Lesley,  published  in  Volume  X 
of  the  Proceedings,  1872. 

A  small  map  of  Pennsylvania  was  exhibited,  colored,  to 
show  the  progress  of  the  Geological  Survey  since  1874. 

The    report  of  the  judges    of  the  annual  election  was 

read,  declaring  the  following  officers  duly  elected  for  tb© 

ensuing  year : 

President, 

Frederick  Fraley. 

Vice-  Presidents. 
Eli  K.  Price,  E.  Otis  Kendall,        John  L.  LeConte 

Secretaries. 
Pliny  E.  Chase,       George  F.  Barker,       Daniel  G.  BrintoHt 

J.  P.  Lesley. 

Curators. 
C.  M.  Cresson,  Henry  Phillips,  Jr.         George  H.  Horn. 
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Treasurer. 

J.  Sergeant  Price. 

Councillors  for  threr  years. 

Daniel  R.  Goodwin,  W.  S.  \V.  RuschenliorgcT, 

Henry  Wirisor,   William  A.  Ingham. 

Till!  meeting  was  then  adjourned. 


Obiluarg  JToUet  of  P<Utr  UeCall.    By  Hinry  Phillip*,  Jr. 
(Btail  biffore  the  Ameriean  Philoiophical  Sottaty,  Jummry  7,  18S1.} 
Tbc  llfu  of  a  kwycr  wlinsc  heart  wtiB  not  liardened  b^  ibe  ardumiH 
dutifa  of  hU  (areer,  but  wliicli,  Ihrough  llireoflcore  years  and  ten,  never 
A'led  id  mpond  in  the  calls  of  huniiinil;  ;  who  passed  along  earth's  palh- 
■"^yftoin  lU*  cradle  to  the  grave,  untainted  by  sordid  nmbilions  or  ignoble 
**•*»»;  in  whose  fooisieps  It  wonld  be  wi  honor  to  tread,  whose  apprDhn- 
Uon  would  he  a  liatlmark  lo  those  fortunate  enough  to  win  it— the  life  of 
*iKcki  a  man  is  not  wrillen  in  sand.     Such  a  man  is  an  honor  to  hia  profes- 
sion and  to  his  city.     Such  a  man  was  Peter  McCall. 

**<ler  McCall  was  lx>rn  in  the  city  of  Philadelphia,  on  ihe  aut  day  of 
-*■  ««suit,  A.  D- 1809,  and  departed  Uiia  life  at  his  summer  residence.  Over- 
'•*"»«»k,  near  Philadelphia,  on  the  aOlh  day  of  October.  A.  D.  1880.  He  wan 
"'^^^t^ftnded  from  one  of  the  oldest  families  in  Pennsylvania,  an  account  of 
^^ '»o»e  genealogy  le  given  in  the  Shippen  Pajiers,  edited  by  Mr.  Thoniiis 
^•*'^li.  His  father,  also  niinied  Peter  McCall,  intermnrried  with  Sarah 
-*  •  l>^u>n,  of  whom  were  born  John  Gibson  (born  181M,  [uarried  ai  Tamjiico, 
*-*'^«K  a  Josefa  Beccerra),  Charles  Archibald  {bora  IB08).  Anna  Maria  (born 
^0*^1,  Bdd  Peter,  tlic  fiubjccl  of  the  present  sketch. 

^^*  T.  McCall's  education  was  commenced  in  Philadelphia,  and  oorapleleil  at 
^■^»>«ion.  where  he  graduated  with  diBlincUon  ill  the  claaa  of  1838.  He  then 
^^e^n  the  study  of  the  law  in  the  office  of  Hon,  .loeeph  R,  Ingersoll,  sur 
^*^*-'a^ded  by  fellow  students,  who  all  in  later  years  rose  to  hiiib  legal 
^'"'*"  ■«cnce,  and  some  of  whom  have  occupied  the  judicial  station.  Pursuiug 
^  «ituilies  with  zealous  assiduity,  he  was  admitted  lolhe  Philadelphia  Bar 
****  «.be  first  day  of  [foveraber,  A.  D.  1830.  and  from  that  day,  until  a  few 
^^***»lh«  since,  wheu  Increasing  Inflrrailies  compelled  him  to  relinquish  tlie 
Stiee  of  his  prolcsalon,  his  c&reer  of  usefulness  was  untiring  and  uncens- 
Had  he  lived  but  one  day  longer,  he  wouid  have  completed  a  full  balf 
n  event  which  the  Law  Association  of  this  city,  of 


'^^*»t 


^'^'■^twry  of  active  work,  a 

^  **;h  he  lutri  been  for  years  a  pn)mineni  member,  and  in  which  he  had  held 

^^^     ofUce  ol  Clmncellor  from  18W  to  the  day  of  his  doalh.  was  preparing 

*^»lebrate  in  an  appropriate  manner.   Ui»n  the  walls  of  its  library  bangs 

7?*    *sxcullenl  portrait  of  Mr.  McCall,  painted  by  Uhle,  which  a  few  years 

***;^  wna  pr«M.'iitod  U>  the  Aswx^iiition  by  the  Cliancelliir'B  former  olTiru 
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students.  His  predecessors  in  that  honorable  position  had  always  been 
like  himself,  men  of  the  highest  rank,  whose  names  the  lawyers  of  the 
entire  land  were  accustomed  to  utter  with  veneration,  respect  and  esteem ; 
Rawle,  Duponceau,  Sergeant,  Binuey,  Ingersoll  and  Meredith.  Karnes  to 
be  handed,  with  the  best  traditions  of  the  Bar,  down  to  its  latest  days. 

In  1846,  Mr.  McCall  married  Jane  Byrd  Mercer,  at  Cedar  Park,  West 
River,  Maryland,  the  residence  of  her  father.  Col.  John  Mercer.  Of  this 
marriage  were  born  Catherine,  John  Mercer,  Edith  (married  to  Dr.  John 
M.  Keating,  of  this  city),  Gertrude,  Richard  Cadwalader,  Robert 
Kemble,  Jane  Byrd  and  Mary.  Of  these  children  only  the  yoangert 
daughters  survive,  to  mourn  with  their  mother  their  great  loss.  DariDg 
the  years  1837,  18')3  and  1870,  Mr.  McCall  traveled  in  Europe,  storing  his 
mind  with  the  rich  harvests  of  Old  World  knowledge,  while  enjoying  a 
brief  respite  from  his  arduous  labors. 

Although  no  politician,  in  the  nowadays  sadly  abused  signification  of 
the  term,  Mr.  McCall  always  felt  deep  interest  in  the  progress  of  public 
affairs,  and  never  shrank  from  accepting  such  duties  as  it  pleaded  his  fellow- 
citizens  to  call  upon  him  to  undertake.  He  sat  in  the  Councils  of  theCt^ 
for  several  terms,  and  in  1844  was  elected  Mayor  of  the  City,  as  the  candi- 
date of  the  Whig  party,  defeating  by  a  large  vote  Samuel  Badger,  the 
Democratic,  and  E.  W.  Keyser,  the  Native  American  candidate.  Thii 
was  to  Mr.  McCall,  a  great  compliment,  paid  in  a  time  of  strong  polilicil 
excitement  by  the  citizens,  who  understood  and  appreciated  sterling  honor 
and  integrity. 

On  the  18th  day  of  April,  1851,  he  was  chosen  a  member  of  our  Society, 
but  owing  to  the  continual  pressure  of  other  duties,  never  took  an  active 
part  in  our  labors. 

He  was  for  many  years  one  of  the  Trustees  of  the  University  of  Pennsyl- 
vania, in  whose  law  schools,  he,  until  comi)aratively  recently  filled  the 
chair  of  practice,  pleading,  and  evidence. 

Mr.  McCall  was  for  a  time  a  member  of  the  Vestry  of  Christ  Cliarch 
(Protestant  Episcopal),  and  also  Warden,  but  after  long  and  faithful  ser- 
vices rendered  by  him  to  the  cause  of  religion  and  of  the  Church,  in  the 
early  days  of  the  war,  his  connection  with  it  came  to  an  end. 

Willie  the  public  record  of  Mr.  McCall's  lite  is  mainly  that  of  a  profes- 
sional man,  yet  lie  was  a  cultured  scholar  of  refined  tastes  and  great 
attainments.  But  he  very  rarely  permitted  himself  to  be  seduced  by  the 
fascinations  of  the  lighter  sciences  from  the  j>ursuit  of  the  life-long  duties  to 
which  he  had  dedicated  his  career.  He  knew  timt  the  law  was  a  jealous 
and  exacting  mistress,  in  whose  service  there  could  be  no  loitering  by  the 
wayside  or  stepping  from  the  beaten  track  to  cull  the  flowers  of  lileran* 
success  ;  that  it  required  the  devotion  of  a  lifetime,  sharing  no  divided  at- 
tention, brooking  no  divided  empire.  The  chief  occasions  upon  wliicb 
Mr.  McCall  would  permit  his  literary  talents  to  be  observed,  were  in 
obituary  addresses  upon  deceased  nieinbers  of  our  Bar,  wbich  he  delivcitd 
by  request,  from  time  to  time,  in  accordance  with  the  kindly  usage  of  the 
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IToC^i^islon,  Jtnd  his  special  gifts  of  elnqiience  and  good  taste  on  s<ieb  occn- 
•lut»^,  were  nlwajB  eJiUibltL'r.1  lo  great  a^lvrintiigo. 

VL^  delivered,  however,  gome  orations,  which  have  lieen  puldiehpil,  and 
«re  t»I1  distill guialieil  by  a  vigoroua  and  elegant  slyle,"  clear  thought  and 
fullsUnl  Judgment. 

ProtniiMiiit  in  Mr.  McCall'B  characWr  wi-ro  his  kindliniaas,  gentleness  and 
I"*lng  liuiirt.  As  Judge  Hare  well  remarked,!  "he  was  one  of  lliose  ex- 
<*pUon)>l  men  wlium  nature  sceins  lo  have  formed  for  virtue,  and  who  are 
f  vlowed  liy  her  willi  graces  whkli  others  derive  only  from  education,  or 
'■>»mgh  llie  Intluencea  of  jihil'jsopliy  and  religiun.  Ilia  distinguish  in;; 
'"unieUirislIca  were  BinglencsB  of  inirposi-.  an  entire  purity  of  heart  and  life, 
^  >Cvnllenesa  that  neither  look  nor  gare  offence  :  a  charity  large  enough  to 
***»  trace  all  mankind  ;  an  instinctive  aversion  to  whatever  was  low  or  Imiie  ; 
*••  Iniulilvc  poreepiion  of  the  lino  of  right.  "  •  •  •  Ho  was  in  short 
****e  In  wliom  the  varions  atlrilmtes  of  goodness  wore  so  ninely  blouded  in 
*  harmonious  whole  that  he  seemed  less  tlian  he  really  was ;  and  it  raay  be 
"**'<!  of  him,  as  it  was  of  Washington,  that  lie  would  have  been  greatur  in 
■•^  world'*  eye  had  he  liecn  less  virtuous." 

Xn  hisMiriiesl  life  lie  had  set  before  iiimBelfa  standard  of  virtuous  excel- 

^^•««!  to  which  he  pnipoBod  to  attain,  and  below  wliich  lie  should  never 

**«=^^tind.     He  wrote  in  his  diary  U|)iin  the  nineteenth  anniversary  of  his 

■'  ^^hday,  "  Thn  pwapect  Is  fair.     May  it  never  be  clouded  by  dishonor  or 

■**s  winBCiouBness  of  having  done  an  ill  deed." 

I'liroughout  nil  the  trials,  great  and  small  of  daily  life,  he  remained  true 
**>  ttit  principles,  the  Ideal  advocate,  tlie  man  of  honor,  the  accomplished 
S>^tat1einan. 

fl*  wa«  a  bold  man,  strong  in  the  consciousness  of  rectitude,  and  not  for 
^H  the  world  could  give,  the  smiles  of  friends,  llio  pleasures  of  power,  did 
*»«s  «ver  for  an  instant  hesitate  lo  oliey  the  dictates  of  bis  conscience,  re- 
Sov^lenB  of  the  iwnnities  lo  be  paid  for  his  independence.  "  lie  was  faitb- 
ful   tn  his  convictions  ot  truth  when  such  fidelity  cost  dear." 

Xfcwonld  nil  be  proper  thai  I  should  consume  so  much  of  the  lime  of  our 
B<~*c{>iy  as  would  Ik)  really  I'equi site  lo  delineate  Mr.  McCnIi's  life,  and  I 
n«UBi  clos«!  with  iliis  imperfect  sltetch  of  the  main  TcaiureB  of  his  career. 
Qui  I  leave  It  with  the  leas  regret,  knowing  Ihat  to  the  accomplished 
*"*nd  nt  Isani:  Haslehurst,  the  iife-iong  friend  of  Mr,  McCall.  has  been 
^ntnistcd  hy  the  Law  Associaiion.  the  duly  of  preparing  n  memoriul 
"'IdrTH,  and  t  am  euru  that  his  eloquent  pen  will  do  justice  to  departed 
"""rth ;  that  lie  will  not  fkil  to  suitably  ci 


Hill 


■'Thai  beat  portion  111 
niiiuetvu,  unremeinb 
u  and  oriovo." 


'smiiBr  »Ui,  11133,    Annual  d 
iniylvanla. 

Ith,  ISW.    Omllon  bcfure  I 


te  belbre  llie  Historical   I 
naophlc  Roclely  of  llio  Uni 
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Note  on  tJie  Protection  of  Oil    Tank§  from  Lightning  Stroke,     By  B. 

Hoitard  Band,  M,D. 

{Read  before  the  American  Phileophical  Sceiety,  January  7,  1881.) 

The  frequency  of  the  ignitions  of  the  contents  of  tanks  used  for  storing 
mineral  oil,  with  the  concomitant  destruction  of  property  and  life  has  at- 
tracted much  attention.  The  suggestions  as  to  the  means  of  prevention 
have  been  crude. 

It  is  my  purpose  to  offer  a  theory  as  to  the  cause,  and  a  means  of  avoid- 
ing the  mischief. 

An  air-tight  tank  of  metal,   or  one  sheathed  with   metal,   would,   if 
filled  with  crude  rock-oil.  or  even  with  loose  gunpowder,  be  safe  from 
damage  from  lightning  stroke.     It  would  be  no  more  in  danger  of  the 
thunderbolt  than  a  log-cabin  similarly  situated.     If  struck  it  would  )»cape 
unharmed.     The  late  Professor  Clerk  Maxwell  suggested  the  protection  of 
powder-magazines  by  sheathing  them  with  metal.     Professor  Tait  reoom. 
mends  the  investigator  of  the  so-called  ball  or  globe-lightning  to  wear  t 
suit  of  light  copper  armor.    It  would  be  safer  to  add  a  thorough  groond 
connection.    This  could  be  made  in  most  cases  to  the  pipes. 

As  the  level  of  the  oil  in  the  tanks  must  vary  with  the  rate  of  the  inflow 
and  outflow  through  the  pipes,  openings  are  necessary  to  allow  the  egrM 
or  ingress  of  air.     There  may  be  occasion  to  lift  the  lid  at  times. 

From  the  necessary  openings  and  leaks  around  the  lids,  the  light  hydro- 
carbon vapours  escaj^e.  These  mingling  with  the  air  form  an  explceivs 
mixture  like  the  fire-damp  of  mines,  which,  if  ignited  at  a  distance  of  efei 
hundreds  effect,  will  travel  back  and  set  fire  to  the  contents  of  the  tank- 
To  prevent  this  I  suggest  that  the  necessary  vent-holes  be  protected  with 
safety  tubes  after  the  plan  of  Hemming's,  or  with  several  layers  of  fine  wire 
gauze,  strong  enough  to  resist  any  probable  breaking  by  mechanical  shock. 
These  should  be  protected  from  dust  and  wet  by  loosely  fitting  covers. 

On  the  approach  of  a  thunder-storm,  the  outflow  should  be  checked,  so 
as  to  avoid  an  indraught,  which  we  so  well  know  will  render  useless  in 
many  cases  the  protecting  metallic  mesh. 

Where  moveable  covers  are  used,  they  should  have  the  ordinary  seal 
used  in  telescopic  gas-holders.  Glycerine  in  the  seal  is  recommended  as  it 
does  not  evaporate  and  is  not  affected  by  changes  of  temperature  within 
the  lunits  of  ordinary  atmospheric  fluctuations. 

Where  it  is  necessary  to  introduce  chemical  agents  in  the  process  of  re- 
fining, the  well  known  safety  traps  should  be  used. 
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Staled  Meeting^  January  21^  1881. 
Present,  12  members. 

Vice-President,  Mr.  Eli  K.  Price,  in  the  Chair. 

A  letter  of  envoy  was  received  from  the  Central  Observ- 
atory, St.  Petersburg. 

A  letter  of  acknowledgment  was  received  from  Prof.  L. 
Rutimeyer,  Basel,  dated  Jan.  1, 1881  (104, 105). 

A  circular  was  received  from  the  Census  Bureau. 

Donations  for  the  Library  were  received  from  the  Statisti- 
cal Bureau  at  Stockholm ;  the  Geographical  Societies  of  St. 
Petersburg,  Paris  and  Bordeaux;  Herr  E.  Reyer,  of  Wien ; 
Zoologischer  Anzeiger,  Leipsig;  Revue  Politique,  Paris; 
Academia  dei  Lincei,  Rome ;  Revista  Euskara,  Pamplona ; 
Nature,  Journal  of  Forestry,  and  Chemists'  Journal,  Lon- 
don ;  Mr.  Thos.  Henry  Thomas,  Cardiff,  Wales ;  Canadian 
Naturalist,  Montreal ;  Boston  Society  of  Natural  History ; 
Franklin  Institute,  Medical  News,  Journal  of  the  Medical 
Sciences,  Journal  of  Pharmacy,  Mr.  Henry  Phillips,  Jr.  and 
Mr.  Franklin  B.  Qowen,  Philadelphia;  Wyoming  Historical 
and  jjteological  Society,  Wilkes-Barre;  Commissioner  of 
Education,  and  Department  of  Engineers,  Washington;  Cali- 
fornia Academy  of  Sciences,  San  Francisco ;  Soci6ta  de  Geo- 
graphica  y  Estadistica,  Revista  Cientifica,  and  Ministerio  de 
Fomento,  Mexico. 

The  death  of  the  Rev.  Humphrey  Lloyd,  D.D.,  of  Dublin, 
Jan.  17, 1881,  aged  80,  was  announced  by  the  Secretary. 

A  geological  reconnaisance  of  parts  of  Lee,  Wise,  Scott 
and  Washington  counties,  Va.  by  J.  J.  Stevenson,  with  six 
small  cuts,  and  the  colored  map  (mentioned  at  the  last  meet- 
ing) was  presented. 

Mr.  Lesley  was  elected  Librarian  for  the  ensuing  year. 

The  following  members  were  placed  upon  the  Standing 
Committees : 
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FinaTKe. 


E.  K.  Price, 

B.  V.  Marsh, 
Henry  Winsor. 

PiMicafion. 

J.  L.  LeConte, 

D.  G.  Briiiton, 

E.  Thomson, 

C,  M.  Cresaon, 
G.  H.  Horn. 


Haa. 

8.  W.  Roberta 
J.  S.  Price, 
"W.  A.  Ingham. 

lAbrary, 

E.  K  Price, 
C.  P.  Eraath, 
S.  S.  Eenderdin^ 
E.  J.  HouBton, 
H.  Phillipa.Jr. 


The  armual  reading  of  the  list  of  Borviving  membe 
postponed. 

Pending  uominationa  Nos.  909;  920  to  926  were 
spoken  to  and  ballotted  for;  on  scrutiny  of  the  ballot 
by  the  presiding  officer  the  folktwing  were  declared 
elected  mL-mbers  of  the  Society: 

Lewis  S.  "Ware,  of  Philadelpliia. 
Joseph  Lovering,  of  Cambridge,  Mass. 
Charles  G.  Amee,  of  Philadelphia. 
Edward  Y.  MeCauley,  U.  S.  N. 
Addison  May,  of  West  Chester,  Pa. 
Joseph  J.  Lewis,  of  Weat  Chester,  Pa. 
Henry  Carvill  Lewis,  of  Gei-maiitoivn,  Pa. 
Dr.  Charles  Stewart  Wurta,  of  Philadelphia. 

And  the  meeting  was  adjourned. 
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j(  ty^r^xlajieal  litetmnaiiitanet  o/  Part*  of  Let,  Wilt.  Sfatt  and  Waihing- 
laim.  CBUiWto.  Viri/(ni<i.  By  John  J.  Stmeiuon.  Profmor  of  Oeotoyy 
in  XJk*  Uahtrtilyvf  tlit  CHy  of  Ntm  Tork.     l^WUh  tU  aood  ruti  and  a 


i 


^ad  befort  Iht  American  Pkilotophical  Soeieta,  January  21, 

lalTodacCiojt. 

Qentfal  ftrueturt  Of  tJa  arta  j  dtifription  of  Ike  fault). 

Oineriil  dtieripcion  of  the  tveral  ffruiipi. 

Qtolagy  of  the  area  draintd  bs  Ponell  river. 

Qtology  of  Iht  arta  draiiml  by  Ciiuek  Titer. 

Otology  of  the  artii  driiineil  by  Holeton  rher. 


1-) 


lun 


inner  memoir.*  the  writer  cleacrilied  a  Hmnll  part  or  Lee  and  Wise 
vaA  gave  Bomo  casual  ohBervations  respecting  n  part  of  Scott 
"""'y"-  Bxamioation  uf  a  larger  area  lias  sliown  Ihnt  Iwn  BcriouB  errors, 
*****  tno  ready  aciieptanoe  of  inforiaalion  resiwciing  localiiics  not  visited, 
°°^'  iti  tiiat  memoir,  and  bas  led  also  to  a  change  in  uplnlon  respecting 
thetirncturc  of  Stone  mountain. 

^o  countiea  examined  occupy  the  extreme  souili-west  corner  of  Vir- 
P"'*;  Lcc  being  in  tlie  angle  between  Kenlui'ky  and  Tennessee,  Willi 
"*'  Adjoining  it  along  the  Kentucky  line,  wliilo  Scou  and  Wasliinglon  lie 
"*»»  fclirag  the  Tennessee  border. 

^l»e  surfucu  is  broken  by  rudely  pamilcl  monntain  rangeit.  Bepnrated  by 
^Tdw  ralleya.  Tlie  dislanco  along  the  sliorlesl  line  from  the  city  of 
IhT"*"' '"  ""*  Kenlucky  border  is  barely  fifty  miles,  yel  in  following  Uiat 
^f**  ODe  must  croBB  Walker,  Brustiy  and  CUncb  mountains;  Moccasin, 
J^Por  and  Bucbner's  ridgee,  Powell  mounlaln.  Wallen's  and  Poiir  Valley 
^tea.  Stone  and  Black  moimtnins.  Several  of  these  ridgca  arc  single,  and 
compound,  and  their  slopes  aSbrd 


.'Wft 


_  ^O  alirupl  Eli>|)eB.  while  others  a 
oo  dilBcult  for  wagons. 
Iielween  the  Great  Vnlley  of  Virginia  and  Moccasin  ridge  ia 
by  ibu  HoL»lon  river :  tlint  between  h[occasin  ridge  and  Powell 


I,  by  Clincli  river ;  and  tliat  beyond  Powell  mountain  to  the  Kcu- 
le,  by  Powell  river.  The  Cllnnb  and  Holston  unite  to  Ibrm  the 
•ec  river,  and  Powell  river  enters  the  former  at  not  far  from  Rnox- 
Or  ttuMO  rivers,  the  Powell  rises  witbin  the  area  examined  ;  the 
k  liave  their  sources  far  beyond  toward  the  northeast. 
^  narrow  strip  of  this  region  along  the  Kentncky  border  has  Iwen  ei- 
^"•'tled  by  Mr.  P.  N.  Moore,  of  tho  Kentucky  Geological  Survey,  and  a 
y  **»««iar7  account  ol  IiIh  observations  is  given  In  tiie  reports  of  that  Survey, 
,j  •  IV.  Prof.  licsley's  work,  as  dcscrlhed  in  his  mcmoir.f  Is  slightly 
J  "■'Iwpped  hy  the  writer's  exaininuijdu.  The  whole  region  was  axamitied 
"cig  ilic  survey  under  Prof.  W.  B.  Rogers.    One  is  compelled  to  regret 

ly.AiUHi'fJI,  ISSli, 

pta(Uitoe«)ietr.m& 

I.  wa  XIX.  108.  an. 
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that  the  reports  of  that  mirrBf  are  io  rare ;  dnoe  the  niHi  pnfMved  hj 
Prof.  Rogers  and  pobllshed  in  *'  The  Besonrees  of  Ylrglttia,"  shows  tiwt 
the  structure  wss  admirably  worked  out.  The  fiuilts  an  dssriy  sIm>wa  oa 
that  nu^  and  the  distinction  between  the  limestones  of  the  Lower  Oarbonif- 
erousand  the  Lower  Silurian  wssdetermined  socorately,  though  al  thai  ttna 
there  was  little  aside  from  physical  chayscters  to  depend  on  ibr  IdeatUIci^ 
tion.  When  it  is  remembered  that  the  region  was  ermi  mora  thh^f  esltisA 
fbi^  years  ago  than  it  is  now,  one  may  not  refMn  fkom  acknirtriedgiag 
the  skit]  and  patience  with  which  the  stmctora  wse  worked  eat  at  that 
early  day. 

To  obtain  the  material  given  in  this  memoir,  one  seotloa  wis  followed 
firom  Blade  mountain  almost  directly  to  Bristol ;  a  second  from  Peudng- 
ton's  gap  in  Stone  mountain  to  the  Tennessee  line  1^  way  of  ZetQlTlIItt 
and  Moccasin  gap  tlirough  Clinch  mountains ;  shorter  sectioiis  were  Ibl- 
lowed  across  Moccasin  and  Copper  ridges ;  wlille  several  of  the  fhnlei  wens 
followed  for  fh>m  ten  to  twenty  miles.  Necessarily,  maiiy  lalereBtliig 
details  were  neglected,  and  some  points  of  importance,  were  left  undieolded. 
as  the  object  of  the  reconnaissance  was  purely  economic. 

No  nuip  worthy  of  the  name  exists,  and  that  scoompaoylBg  this  oienoir 
is  bssed  on  the  old  State  map,  made  in  1835.  Some  gross  topogimiihiqal 
errors  have  been  corrected  partially :  others  ramain,  whl€b.,lQtertoe; 
seriously  with  a  proper  presentation  of  the  geology-;  but  to  corrsei  tlw|e> 
would  involve  a  complete  reconstruction  of  the  whole. 

* 

I.  General  Structure  of  the  Area. 

The  structure  is  monoclinal,  and  the  prevailing  dip  is  toward  the  south- 
east.   The  one  exception  is  in  the  area  between  Black  mountain  and  the 
'Summit  of  Powell  mountain,  where,  as  will  be  shown,  a  cribcked  anticlinal 
exists.    In  passing  from  Black  mountain  to  the  Valley  of  Virginia  al 
Bristol,  one  crosses 

1.  The  fault  of  Poor  Valley  ridge. 

2.  T?i6  Wallen  valley  fault, 

3.  The  PattonwUle  fault, 

4.  The  Hunter  valley  fault,  or  Clinch  river  uplift  of  LuUy, 
6.  The  fault  of  Copper  creek, 

6.  The  fault  of  the  North  Fork  of  HoUton, 

7.  The  fault  of  Walker  mountain. 

Black  mountain  is  a  rude  mass,  which  owes  its  origin  solely  to  erosion. 

It  is  the  dividing  ridge  between  the  waters  of  the  Cumberland  and  those  of 

Powell  and  Clinch  rivers.    Its  course  is  irregular  but  bears  westward  and 

southward  until,  at  a  little  way  west  from  Pennington's  gap  in  Stone 

mountain,  it  unites  with  the  latter  ridge.     The  only  rocks  exposed  in  this 

■lonntain  are  those  of  the  Coal  Measures,  and  their  dip  is  northward,  or 

orth  north-west.    Toward  Stone  mountain,  the  dip  suddenly  increases 

Atil  in  that  ridge  it  becomes  almost,  and  at  some  places,  wholly  vertical. 

Sione  mountain  is  a  lx>]d  narrow  ridge  with  a  N.  67'  £.  course,  which 
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begins  not  far  beyond  the  Little  Stone  gap  and  continues  thence  into  Ten- 
nessee. It  was  examined  from  Little  Stone  gap  to  nearly  three  miles  be- 
yond Pennington's  gap,  a  distance  of  nearly  thirty  miles,  in  which  it  has 
but  two  water  gaps,  those  of  Powell  river  and  its  North  Fork,  or,  as  they 
are  commonly  known.  Big  Stone  and  Pennington's  gaps.  A  wind  gap,  the 
Little  Stime,  affords  passage  for  the  turnpike  leading  from  Jonesville  to 
Gladesville. 

In  his  former  memoir,  the  writer  regarded  Stone  mountain  as  a  fault, 
but  he  is  now  convinced  from  the  conditions  observed  at  Pennington's  gap, 
that  the  mountain  is  but  the  side  of  an  exceedingly  abrupt  fold,  as  will  be 
explained  in  another  paragraph. 

In  the  Poor  Valley,  which  follows  the  southerly  foot  of  Stone  mountain, 
the  Devonian  shales  are  shown  underlying  the  Lower  Carboniferous.  At 
the  head  of  the  valley,  the  Lower  Carboniferous  is  well  shown  in  the 
divide  between  the  South  Fork  of  Powell  river  and  the  waters  of  Stony 
creek,  where  it  is  in  direct  contact  with  the  Lower  Carboniferous  of  Stone 
mountain.  In  the  divide,  it  dips  gently  toward  the  south  east,  while  in 
Stone  mountain  the  dip  is  almost  Vertical,  the  incline  being  toward  the 
north-west  or  north  norih-west.  The  dips  in  the  mountain  become  sharper 
toward  the  west,  being  70  degrees  in  Big  Stone  gap,  and  90  degrees  in 
Pennington's  gap.  The  rocks  shown  in  the  mountain  gaps  are  the  Lower 
Carboniferous,  the  Quinnimont  group  and  the  lower  beds  of  the  Coal 
Measures. 

The  fault  of  Poor  Valley  ridge  must  be  described  before  the  structure  of 
Stone  mountain  can  be  fully  explained.  This  fault  is  very  nearly  parallel 
to  Stone  mountain,  though  the  increasing  strength  of  the  thrust,  by  turning 
the  rocks  directly  on  edge,  has  diminished  the  interval  materially  in  the 
vicinity  of  Pennington's  gap.  The  distance  between  the  two  ridges  varies 
from  a  mile  to  a  mile  and  a  half.  At  its  eastern  extremity,  the  fault  be- 
gins in  a  gentle  anticlinal  nearly  opposite  Little  Stone  gap.  A  crack 
develops  in  this  anticlinal  near  the  gap,  by  which  the  South  Fork  of 
Powell  river  crosses  it,  and  increases  rapidly  in  importance  westward. 
The  Devonian  shales  cross  the  anticlinal  at  its  origin,  while  in  the  divide 
at  the  head  of  the  valley,  the  Lower  Carboniferous  and  part  also  of  the 
Quinnimont  group  pass  over  it  so  as  to  be  continuous  with  the  rocks  of  Stone 
mountain.  But  the  anticlinal  soon  becomes  bold,  and  the  fault  develops, 
so  that  the  ridge  is  divided  below  the  mouth  of  South  Fork  of  Powell  into 
Poor  Valley  ridge  and  Wallen's  ridge.  There  the  extent  of  the  fault  is 
shown,  for  the  Clinton  is  in  direct  contact  with  the  middle  shales  of  the 
Knox  group.  Poor  Valley  ridge  continues  westward  to  beyond  the  Ten- 
nessee line,  and  varies  much  in  height  and  width.  It  is  composed  chiefly 
of  Clinton  rocks,  while  the  Lower  Heldcrberg,  Oriskany  and  Hamilton 
occur  in  the  narrow  valley  between  it  and  Stone  mountain. 

The  writer  has  stated  in  another  paper  that  Stone  mountain  is  a  fault, 
and  that  it  is  the  continuation  of  the  Clinch  river  uplift  described  by  Prof. 
Lesley.     Mr.  Moore,  in  the  report  of  his  reconnaissance  along  the  border 
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of  Eentiickjr  aoA  Vir^nia,  mftiatairiB  tliat  Stone  iiiotiDiHin  Is  not  a  fiiiilt,' 
tinl  that  il  is  u  ilmrp  fold  and  a  typical  «xam|i1e  or  [he  Cunilierlnml  i 
tniD  aCnirturi'.  Tlie  exposures  hejoaA  Little  Btone  f^p  iinil  ut  Pennlug- 
U)ii's  gap  show  this  to  be  true.  It  is  precisely  like  the  structure  ut  Brusli 
mountain,  Renlucky,  of  which  an  illastration  Is  eiren  in  a  luue  CTO«s*3eo- 
tion  scconipanytng  another  of  Mr.  Moore's  reporta.  At  Pennington's  gop' 
the  siieceEBion  of  Upper  Silurian,  Devonian  and  Lower  Carbonlferons 
clear,  and  all  the  groups  are  conformahle.  Fignrcs  I,  8  and  3  exlitbtt  tlta^ 
structure  of  the  whole  fold  :  No.  1  being  a  cross  section  ffom  the  northcrlj' 
slope  of  Blone  mountain  to  Powell  mountain  ;  No.  2.  n  similar  swlion 
through  Big  Stone  gap,  and  No.  3,  the  section  from  Pennington's  gap  to 
Wullen's  ridge. 


Fio.  2.-SecH.in  from  Slnno  mounWln  at  Big  Stone  gap  to  Powell  nioiU]t«lnu 
rt.SLope  of  liliLck  raonnWlil:  6.  Stoiip  raounlPiln:  r^.  Poor  Valrsy  rldm  S7 
Wallcn'>trlil|«e:  s,  Powell  muuntnin;  /,  Riiilt  of  Puur  Valley  rtilge.    Nambprsa* 


Fio. 3. — Scollon  froi — _-...-_.,  ..  .  .  _ 

a.  »IopeofBlackmnuiit4klu:  ft.  Sume  inounlaiQi  o.Tcmr  Vkllej  rl.leB;  d, 

iiutrlclEe;  r,  EllcKunb:  A.  Wallcn'srldge; /.  fault  ofPoor  Valley  rldee.   Kum- 

beri  mIu  preoedlQg  Ogui 

The  change  of  slructitre  beyond  the  fault  of  Poor  Valley  ridge  will  bO' 
explained  in  its  own  pli 

Wal£»n'i  ridgt  ineiudes  the  ensiera  extremity  of  Poor  Valley  ridge, 
and  the  two  ridges  become  9e[>aratc  only  beyond  the  tnouth  of  South  Fork 
of  Powell  river.  Lower  Silurian  rocks  are  shown  on  ila  northerly  side, 
Medina  sandstone  forms  the  crest,  while  Lower  Ileldcrtx-rg  and  OriskKny 
are  shown  on  the  southerly  slope.  The  structure,  where  the  ridge  llm' 
BEparates  lisolf  from  Poor  Valley  ridge,  is  shown  in  Fig.  3,  which  reirre. 
sents  Uie  cross-section  from  Poor  Valley  ridge  fnult  across  Turkey  t'oTe, 


Ig81.|  ^^^  fStevonson. 

and  the  mountain  to  Powell  mountain.  There  the  ridge  is  narrow  ;  but  at 
some  miles  further  west  the  conditions  are  as  in  Fig.  3,  which  shows  the 
section  from  the  Poor  Valley  fault  on  North  Fork  of  Powell  to  the  Wallen 
Valley  fault  near  Stickleyville.  Here  instead  of  the  single  ridge  seen  at 
the  Turkey  Cove  there  are  three  ridges,  known  as  Chestnut  ridge,  Elk 
Knob  and  Wallen's  ridge.  The  folds  in  Chestnut  ridge  are  exceedingly 
complex,  and  are  well  shown  in  the  gap  by  which  the  North  Fork  of 
Powell  river  passes  through  it.  The  beds  are  folded  without  crushing, 
though  some  of  the  angles  are  as  sharp  and  close  as  the  bent  elbow.  But 
in  Elk  Knob  the  strata  are  practically  horizontal  until  near  the  southerly 
slope  where  the  dip  becomes  nearly  15  degrees.  The  rate  increases  toward 
Wallen's  ridge  as  well  as  in  the  ridge,  until,  along  the  summit  line,  the 
Medina  dips  at  nearly  40  degrees.  The  Upper  Silurian  rocks  are  reached 
on  the  southerly  slope  of  the  ridge. 

The  relations  of  Wallen*s  ridge  to  Powell  mountain  are  somewhat  com- 
plicated by  the  Wallen  Valley  fault,  which  begins  at  the  head  of  Wallen's 
valley.  As  far  as  Could  be  ascertained,  no  traces  of  that  fault  exist  further 
east.  That  part  of  Powell  mountain  which  lies  east  from  Slemp's  gap, 
through  which  the  North  Fork  of  Clinch  flows,  has  a  very  different  struc- 
ture ftom  that  of  the  part  lying  west  from  that  gap.  The  eastern  division 
is  but  a  continuation  of  Wallen's  ridge,  the  separation  being  due  solely  to 
erosion  ;  for,  on  the  bold  bluff  which  Powell  mountain  presents  to  the 
valleys  of  the  Soutji  Fork  of  Powell  river  and  the  North  Fork  of  Clinch 
river,  the  section  is  but  a  continuation  of  that  shown  on  the  slope  of 
Wallen  ridge  ;  and  the  Lower  Helderberg,  Oriskany,  Hamilton,  Lower  Car- 
boniferous and  Quinnimont  group  appear  in  regular  succession,  while  the 
Quinnimont  group  covers  the  southerly  slope  of  the  mountain  to  where  it 
is  cut  off  by  the  Hunter  Valley  fault.  The  conditions  observed  on  this 
side  of  Powell  mountain  will  be  described  in  connection  with  that  fault. 

Ths  Wallen  Valley  fault  begins  at  the  head  of  that  valley,  and  continues 
into  Tennessee.  It  passes  along  the  southerly  side  of  Wallen's  ridge,  and 
is  crossed  by  the  Jonesville  and  Estillville  road  at,  say,  nearly  half  a  mile 
from  Wallen's  creek.  On  its  northerly  side  are  the  Lower  Helderberg 
rocks,  ill-exposed  where  examined,  dipping  almost  south-east  at  45  degrees, 
while  the  limestones  of  Formation  III  are  shown  on  the  st'Utherlyside  dip- 
ping in  the  same  direction  at  30  degrees.  The  upper  part  of  No.  II  is 
shown  near  the  fault,  but  only  a  small  part  of  that  group  is  brought  up 
where  the  examinations  were  made.  It  is  not  wholly  certain  that  this 
fault  begins  within  Wallen's  valley,  but  no  traces  of  it  were  seen  on  the 
other  side  of  the  mountain,  where,  however,  the  forest  is  dense,  and  expo- 
sures are  few  and  not  satisfactory.  It  is  certainly  absent  from  the  valley  of 
North  Fork  of  Clinch  at  three  miles  further  up.  This  fault  is  important 
economically,  for,  in  great  measure  owing  to  its  sudden  development, 
Powell  mountain  west  from  Slemp's  gap  has  been  so  far  elevated  that  the 
Devonian,  Lower  Carboniferous  and  Quinnimont  group,  still  present  on 
the  other  division  of  the  mountain,  have  been  wholly  removed  by  erosion. 
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Powell  mnuntoio  west  from  Slcnip's  gnp  is  l>ul  n  n^peUtion  ur  Walli^n's 
18  ehown  on  Iheopposito  side  of  Wallen  Tsllcy.  Thf>  llmv«tii(i<«  an') 
of  FurninLion  III  nre  nxpiisod  oii  iu  noriluirly  siilu.  Medinit  MMuUtoap 
illows  iu  crest,  wliUe  tlir  L»wer  HcUkrberg,  Orialcnn;  nQi)  s  fragm«ii1  if 
le  Hitiutllon  lire  aliuwo  on  its  southerly  eiile.    Thesu  rucks  an  mdilBalj 

off  by  the 

PaUontvMf  fatiU,  wliich  is  tnarkeil  by  a  low  ridge  at,  eay,  Iwo-Ihlnti  of 

a  mile  from  the  crest  of  Powell  mountain.    No  evidence  of  tt»  prmaiof 

found  beyond  ihe  railroad  Hue,  and.  in  nil  probuhillty,  ii  originate* 

very  ncur  Hint  line.    The  structure  between  the  Walleu'a  valley  Caall  ant 

the  UuDler  Valley  fault  (Clinch  upUa)  \%  sbonu  in  Fig.  4.    TbU  JHlt 


rlJKii ; 


y  tealtorCIli 
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brings  up  the  Lower  Helderberg  locks  against  tho  HamUton  (ihales  ;  lt>^ 
former  describe  a  shallow  synclinnl  and  low  autictinal,  so  that.  beri>'^ 
reacliinft  the  North  Fork  iif  Cliuch  rivor,  iliu  HiLniilion  s]ialt»  are  again  ^^' 
posed,  dipping  very  sharply  toward  the  soulh-ensl.  ,  The  deUils  of  l#»-*^ 
fault  cannot  be  esprpsacd  on  ibe  map,  owing  to  Ibo  narrowness  of  th»  ai.  *~*. 
affected  by  It.  It  is  evidently  pamllcl  with  the  Wiilkn  Valley  fauli.  antl>  ^* 
ii  rcsponaible  fitr  lliu  absi.'nce  of  Ihe  Lower  Carboniferous  rocks  from  l1 
vuUey  nt  the  southerly  foot  of  Powell  mountitin.  Tliis  Ikull,  iu.'Corilin$ 
PiHif.  Safl'ord's  map,  does  not  exist  in  Teni 

Tkt  UinUtr  Vallsj/  fault  is  the  same  with  the  Clinch  rwtr  upUff.  wbl 
Is  so  fully  described  by  Prof.  Lesley  in  bis  oiemoir  ou  the  fxo\a^  of  Wi 
And  Toiewell  counilcB.*    As  it  lies  at  a  considerable  di£lani;e  from  CUa^^' 
liver  wilbin  the  area  under  consideration ,  it  is  best  to  apply  to  I 
name.    Its  direction,  as  laid  down  on  the  map,  docs  Bom«  riol«nui:  to  U^ 
trutli,  hut  the  writer  has  preferred  to  give  the  direction  o(  ibe  fnuli  pro^^^, 
criy,  even  though  in  so  doing  it  is  thrown  s 
relation.    This  fault  enters  Scott  county 

whence  it  follows  an  almost  straight  line  lo  Uie  gap  laiide  ilirr>ugti  it  bj  tl^*^ 
Kortb  Fork  of  CHdcIi  river,  being  crossed  very  near  the  head  of  Powdv'' 
Mill  gai)  by  the  Bristol  railroad,  und  by  the  Jonusvitle  and  KsiiUville  ro**^ 
at  barely  two  miles  from  PnltousvUle.  It  is  crossed  but  oncn  by  the  Motu*^ 
Pork  of  Clinch. 

This  is  pmlmbly  the  most  violent  of  the  fault!  <ihserved  within  Ihu  ragio-^*' 
eiaminnl.  Tlie  rocks  on  both  aides  of  Uic  fracture  are  beut  upwanl,  u4  ' 
St  more  tlan  one  locality,  ibe  structure  ii  distinctly  that  of  a  cracked  ani  A'' 
clinal.    The  energy  of  ilie  lill  varied,  fur  along  a  very  consitlorabl^ 

•  rriKcedliiK*  oX  tills  Koclel],  IKTZ. 
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tan ce,  the  IlnmilLnn  sbulcft  nre  tlie  lowest  beds  exposed  on  tlie  nortberly 
side  of  the  fault,  while  at  several  localities  lower  groups,  even  down  lu  tbe 
Medina,  h»ve  been  brought  U]i. 

At  the  Bnp  of  North  Fork  of  Clincli,  tbe  HamiltoQ  slwlei  are  well  ex- 
posed OB  the  northerly  side  at  some  distance  from  The  line  of  break,  where 
ibey  are  abnormally  thick,  show  a  strike  N.  SO"  E.  tnag.  and  are  dipping 
toward  llie  fiiull  at  40  degrees.  Some  sandstones  seen  between  these  anil 
tbe  TiMt  of  Buckoer's  ridge  may  represent  tbe  Lower  Helderberg.  and  the 
OUntoa  rocks  are  exposed  at  the  foot  of  the  lidge.  Whether  or  not  the 
soGcessioti  is  complete,  was  not  determined,  as  the  side  of  the  ridge  is 
deeply  covered  wltli  debris ;  bnl  fragments  of  qaartzite-like  white  aand- 
Uone  were  seen,  which  bear  much  resnrablaace  to  tbe  Medina  eaodslone  as 
shown  in  HoccAsin  gap  of  Clinch  muuntHin.  The  exposures  are  ail  poor 
anil  the  Clinton  was  recognized  only  by  its  fossil  ore.  The  probable  slruc- 
lura  Is  doubtless  as  represented  in  Fig.  S. 


■y  (liult  at  North  Fork  gi 


rrhe  fault  is  crossed  by  tbe  Jonesville  and  Eatillville  road  at  two  or  three 
•ni  >  «s  further  feast.  There  the  Hamilton  shales,  shown  In  the  river  "  bot- 
'owTw:m^"  appear  to  be  in  contact  with  tb«  calcart^ius  sandstones  o(  the  Knox 
gr""c:»«ip,  which  (brra  a  bold  waH  along  tbe  line  of  fault.  These  shales  are 
''i»:*:^ing  toward  the  ftult.  hut  they  may  he  fi)lded  as  they  are  near  the  North 
''c*  m—i  gap.  At  four  or  five  miles  further  east,  one  has  passed  beyond  the 
^^M  «ience  of  tbe  PnlUmsville  and  Wallen  Valley  faults,  and  boa  reached  the 
»"*^^«Iierly  foot  of  Powell  mountain  in  Hunter  valley.  Standing  here  at  the 
fw  *  wnad  line,  ho  can  follow  with  his  eye,  the  course  of  the  fault  in  each 
^'■"■■•^BCtion,  for  it  is  marked  by  the  low  and  Bhari}ly  serrate  ridge  known  aa 
B**^  ^:2dtiier'B  ridge.  This  seems  to  follow  an  almost  sirslghl  line  from  the 
<**:»  «ity  line  to  the  North  Pork  gup. 

ir^  the  Hunter  valley,  the  wall  of  Knox  sandstone  is  a«  well  marked  as  it 
'•^^•"•ong  the  North  Fork  of  Clinch,  while  on  the  other  side  the  Quinnimont 
B"^*'*jp  covers  the  slope  of  Powell  mountain  and  extends  into  tbe  valley. 
^*^rmj  tlic  end  of  the  valley,  the  North  Gap  structure  is  repealed,  bill  only 
'"^*  Lnwer  Carboniferous  and  tbe  Devonian  are  turned  up.  Beyond  this, 
""  ^Mpoaures  exhibiting  the  structure  were  seen  until  Btony  creek  was  ap- 
l^'^-* cached.  The  sandstone  wall  is  distinct  all  Iha  way.  but  the  deliris  from 
oDgiomerates  covers  the  whole  "  lx>ttom  "  deeply  even  10  the  foot  of 
"*all.  Toward  Stony  creek,  the  structure  bccoities  very  similar  lo  that 
n  the  North  Pork  gap.  but  time  did  not  admit  of  working  out  its 
^■lla.  The  Lower  Carboniferona,  the  Devonian  and  the  Silurian  as  far 
•"  "  as  the  Clinton  at  least,  were  recognized  on  Stony  creeh  between  the 
vipoaurc  of  the  Quinnimont  series  and  the  wall  of  Knox  sandstone. 
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The  general  structure,  Qtm,  aoM  be  aa  rapreaenled  In  Kg.  0,  whieli  diinr^^ 
ftlao  the  etnicture  of  Powell  mounUdn.    The  Qnlonimaot  wriea  otpt  tb^^ 


•-^^ 


'■rldse.  a, Powell  moQiitaiji;  B. BnokDu'arliiga.  Mmnbui ■•  In FIk- L 
bluff  overlooking  the  TkUe;^  of  South  Fork  of  Powell  river.  Tbenoe  tbr 
•everal  miles  tbedipU  gentle, hut  within  eomewliU  mon  than  ■  mile  tkvm 
Uie  fault  it  suddenly  Increases,  becoming  rstfaer  more  thsn  80  degnti, 
sud  at  the  last  eipoeure  of  the  rock  it  Is  nearly  45  degrees.  This  dnngs 
In  rate  li  so  abrupt  that  where  the  narrow  Talley  follows  tho  Has  of  f^lsnf^ 
a  fracture  at  once  suggeets  itwlf  as  the  only  ezplsnaUoa  of  the  <?omlltlii^ 

It  Is  altogether  probable  that  a  close,  sharp  fold  exists  within  two  cr 
three  miles  south-east  fh>m  the  Hnnler  Valley  fault  The  shales  aloopidi 
of  Clinch  Htoi  above  the  mouth  of  Stony  creek  are  Tlolently  twisted  asi 
the  plications  are  as  close  ss  those  frequently  seen  in  Ardunii  sdilsta.  The 
shales  themselves  In  msny  placea  are  Jointed  aod  have  aa  iadisttoet  sia^ 
cIcavHge ;  but  they  show  no  other  signs  of  metamoipbism.  Ths  lut 
formiug  (he  bluff  on  the  opposite  side  of  the  river  la  a  pyritoua  sandy  liias- 
atone  very  like  Ibat  wiiich  la  at  the  base  of  the  Knox  tjcroop.  A.  dmilsr 
conclitiuD  was  olMerved  in  crossing  Bitckner's  ridge  along  Uie  Jonesville 
and  Estillvillc  road,  at  probably  fourteun  miles  west  from  Stony  creek. 

Copper  ridge  lies  on  the  soutberly  side  of  Clinch  river,  nntll  wltblR 
six  miles  of  the  Tennessee  line,  where  it  is  crossed  by  that  river.  It  ii 
a  moDoclinal,  but  the  dip  is  irregular,  as  Is  shown  along  the  Stony  creek 
road  A3  well  as  along  the  road  Inuling  from  Oray's  ford  on  Clinch  river  to 
Nickdsville  on  the  southerly  slope  of  Ihe  rldgc.  The  dip  at  Clindi 
river  Is  not  far  from  40  degrees  ;  at  two  niilcs  from  the  river,  the  beds  are 
ulmont  horizontal ;  but  toward  the  southerly  side  of  the  ridge,  the  dip  in- 
creases to  almost  S3  degrees.  The  only  nicks  exposed  in  this  ridge  belong 
to  the  Lower  Silurian  group!).  Prof  Lesley,  on  the  map  accompanying  Ui 
memoir  on  Wise  and  Tazewell  counlies,  colors  Clinton  along  the  snntheiiy 
side  of  this  ridge ;  but  do  Clinton  is  present  witliln  Scott  county.*  Ttie 
stnicturc  of  the  ridEC  in  this  county  nuggcsta  the  possibility  that,  at  so 
great  distance  cnslwurd,  the  ridge  may  consist  of  a  double  anticlinal  wilb 
a  sbiillow  synclinal  along  tho  crest,  in  which  some  Upper  Silurian  rocks 
mny  be  held. 

Tilt  Copper  Creek  F-iull,  as  appears  from  Prof.  Lesley's  map.  oxteai» 
for  a  consiOcrn1>l(>  distitucc  into  Russell  county,  which  adjoins  Scott  od  l!ie 
norihcosL  It  wus  cxiinilned  by  the  writer  very  near  the  Bussell  cotuly 
•I'rof  Lenkydlil  not  visit  Ihtx  iiortloii  uf  Hcolt  county. 


licft^  J    also  where  ilie  EaiillTilleand  Slony  creek  road  crosses  CoppiT  creek ; 

Kod   In  tlieClincU  river  gap.     Thisfsult  conliiHiesinWTeiinessti.' ;  it  briflfl 

Of»      itM  bftse  of  llie  upper  division  of  tlie  Kiiox  group  ngainsl  l.lie  iiighcr 

bt?<ls  of  llie  Trenton  nnd  Nasliville  grouii,     Moeeatin  ridga,  lying  iM-lween 

Conper  nm!  Moccasin  creeks,  and  owing  iu  existence  to  the  Copjwr  creek 

btilt,  is  a  loonotliiial  wlih  a  dip  tUrouglioui  of  little  more  tlian  30  degreeg. 

It     coiuiBts  of   rocke  belonging  1o  Ihe  Lower  Silurian.    Moccasin  vail e J', 

eroded  by  tbe  oruek  of  tlie  same  name,   aeparatea  Moccusin  ridge  from 

Clinch  mouDtain,  in  wliicii  one  Hnds  ii  continuation  of  Uic  eerlef.    The 

upper  Bbttlos  of  No.  Ill  are  shown  on  Ihe  northerly  side,  while  the  Medina 

Bftttdstout^  forms  Ihe  crest.     Suutliorly  di|«  continue  t>cj-ODd  the  crest  of 

Clinch  mouulalu,  aoiosB  the  Pour  valleyund  to  tlie  aoutherty  side  of  Brushy 

monnfatin,  where  one  reaches  the 

F^xult  of  l/m  North  fbrk  of  SolUrm.—\]oag  Ihe  line  of  tbe  Bristol 
n^troad,  this  &ult  is  reached  nt  about  three  miles  iVum  the  river,  the  dis- 
UAOQ  being  measured  along  ihu  abortest  line :  but  it  is  nt  somewhat  more 
ttuin  us  Riiles  by  the  railroad.  Near  the  Teaaessec  line,  it  ia  little  more 
I  tluwi  one  mile  fVom  the  river  at  tlie  mouth  of  Moccasin  creek.  It  e\~teads 
Ibr  B  long  distance  toward  the  norlh-eMt  and  reaches  Into  Tennessee.  This 
fiwilt  Is  nm  inferior  to  the  Hunter  Valley  fault,  for  it  brings  up  the  middle 
di»i«}on  of  iho  Knoi  group  against  tbe  very  lop  of  the  Lower  Carbonifer- 
<«"■  But  it  shows  none  of  the  complex  Btmcture  seen  along  the  Hunter 
V«lley  fault.  Wherever  examined,  the  Lower  Carboniferous  mchs  dip  to- 
*»it1  tbo  fault  and  are  not  turned  up  near  the  line  of  fraciure.  There  is, 
Iwwcver,  tome  crumpling  at  a  lillle  way  from  the  brenk.  A  synclinal  was 
••*n  on  the  North  Fork  of  Holston  at  hut  a  little  way  above  tbe  mouth  of 
■occaain  creek,  and  an  aniiclinal  is  described  at  n  Utile  way  further  soutb- 
**•*■  The  same  condition  was  seen  along  the  railroad  lino  Ijcyond  North 
Pork  of  Holston,  Abnit>t  changes  of  dip  occur  in  the  Lower  Carbonifer- 
fU  rocks  along  several  lines  in  Brushy  mountain, 

7^  Walker  Mountain  favlt  follows  the  northerly  side  of  that  mountain 
ud  brings  up  the  1>a8e  of  the  Knox  group  so  aa  lo  bo  in  contact  with  tbs 
^  of  Ihe  Trenton  and  Nusbvllle  group.  This  fault  e.<LleDd8  for  at  least 
■"(tl  milea.  No  study  of  structure  was  made  between  Walker  mountain 
*"*  Bh«io1,  vliero  the  line  of  seollon  ended.  In  all  probability,  however, 
*  imftli  fault  occurs  in  that  interval,  for  the  cherty  beds  at  the  lop  of  the 
^*  Srocp  occur  in  the  immediate  vicinity  of  Bristol. 
The  «KK(eut  of  the  several  faults  is  ap[)ro.\imately  as  follows  : 

Pbutt  «f  F-or  taVeg 2400' 

WalUn  ValUg  fault 3800' 

PaUoruvilU  fault 500' 

Biinltr  Valltff  fatUl  or  PUneh  Bitir  tiplift 8000' 

.  fdjffMT  trrtk  ftuU 8000' 

■■.  Boltton  fault 7500' 

Jf^U  of  Walker  mountain 8000' 

Holston  and  Hunter  Valley  faulis  were  much  greater  originally,  fiir 
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the  Coal  Measures,  without  doubt,  covered  Powell  Mountain  at  one  time, 
and  it  is  equally  probable  that  both  the  Quinniniont  series  and  the  Coal 
Measures  existed  at  one  time  on  Brushy  mountain.  It  is  altogether  proba- 
ble that  on  some  of  the  high  knobs  of  Brushy  mountain,  the  Quinnimont 
beds  have  been  spared  by  erosion.  In  such  case,  the  extent  of  the  Clinch 
river  uplift  would  be  not  f»x  fi*om  10,600  feet  and  that  of  the  Holston  up- 
lift  very  nearly  11,000  feet. 

Poor  Valley  ridge  is  crossed  by  the  South  Fork  of  Powell  river,  by 
Powell  river  itself  and  by  tlie  North  Fork ;  Wallen's  creek  crosses  the 
Wallen  Valley  fault ;  the  Clinch  River  uplift  is  crossed  by  the  North  Fork 
of  Clinch,  by  Stock  creek,  by  both  branches  of  Cove  creek  and  by  several 
forks  of  Stony  creek ;  Copper  creek  fault  is  crossed  by  Clinch  river,  and 
Copper  creek  in  its  windings  crosses  it  several  times  ;  the  Holston  fault  is 
crossed  by  a  stream  entering  the  river  near  the  mouth  of  Moccasin  creek 
and  by  Abraham's  creek  ;  while  the  Walker  Mountain  fault  is  crossed  by 
the  stream  along  which  the  railroad  passes  through  the  mountain. 

n.  Gbmbral  Dbscbiptiom  of  thb  Groups. 

The  section  exposed  within  the  region  examined  extends  from  the  Coal 
Measures  to  the  base  of  the  Enox  group  as  recognized  by  Prof.  Safford  in 
Tennessee.  Lower  rocks  are  reached  in  the  Great  Valley  of  Virginia, 
which  is  drained  by  the  South  Fork  of  Holston  river,  but  the  reconnais- 
sance stopped  at  Walker  mountain  on  the  northerly  side  of  the  Valley. 
Some  of  the  groups  show  peculiarities  not  observed  by  Profe.  Lesley  and 
Fontaine  in  the  area  farther  east  or  by  Prof.  Safiord  in  Tennessee. 

The  Upper  Carboniferous. 

The  Upper  Carboniferous  is  represented  by  the  Coal  Measures  and  the 
Quinnimont  group  or  Serai  (Pottsville)  Conglomerate. 

ThA  Coal  Measures, 

The  Coal  Measures  are  found  north  from  Stone  mountain,  and  extend 
beyond  Black  mountain  into  Kentucky.  Their  thickness,  as  determined 
partly  by  estimate  but  mostly  by  barometric  measurement,  is  not  far  from 
2000  feet  along  Roaring  Fork  of  Powell  river  and  its  tributary,  Calahan's 
creek  ;  but  the  highest  part  of.  Black  mountain  was  not  reached,  siuce,  ac- 
cording to  Mr.  Moore's  barometric  determination,  the  summit  of  that 
mountain  at  the  head  of  Looney  branch  is  2200  feet  above  the  Poor  branch 
of  Cumberland  river  ;  so  that  the  thickness  of  Coal  Measures  is  not  less 
than  2500  feet,  or  somewhat  less  than  that  observed  in  the  south-western 
part  of  Pennsylvania.  There  was  no  opportunity  during  the  recent  recon- 
naissance to  complete  the  detailed  section  of  theee  measures,  and  the 
highest  500  feet  of  the  section  given  in  the  former  memoir  still  remains  un- 
examined in  detail. 

This  area  is  not  more  than  ten  miles  wide,  for,  according  to  the  report 
on  Mr.  Moore's  reconnaissance,  already  referred  to,  the  Coal  Measures  are 
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cut  off  in  Kentucky  by  the  Pine  Mountain  fault.  The  basin  begins  in  Ten- 
nessee, where  it  forms  Prof.  Safford's  north-eastern  division  of  the  coal- 
field, and  occupies  the  high  lands  of  Morgan,  Anderson,  Scott,  Campbell 
and  Claiborne  counties,  north  from  the  Emery  river  and  east  from  a  line 
passing  through  Huntsville  and  Montgomery.  Prof.  Safford  found  there 
2100  feet  of  measures,  in  which  nine  beds  of  coal  were  seen,  varying  from 
one  to  six  feet  in  thickness.  These  beds  of  the  north-eastern  district  are, 
in  part  at  least,  above  those  of  the  other  districts  of  the  Tennessee  coal-field, 
which  belong  not  to  the  Coal  Measures,  as  understood  in  other  States,  but 
to  the  Quinnimont  group  of  Fontaine,  which  is  equivalent  to  the  Serai  Con- 
glomerate of  Rogers. 

No  junction  was  made  in  the  Wise  county  coal-field  between  the  work 
done  by  Prof.  Lesley  and  that  done  by  the  writer  ;  a  gap  of  five  miles  re- 
mains yet  to  be  filled.  But  there  is  no  reason  to  doubt  that,  for  the  most 
part,  the  beds  described  by  Prof.  Lesley  belong  to  the  Coal  Measures,  and 
not  to  the  Quinnimont  group  ;  as,  indeed.  Prof.  Lesley  has  suggested.  His 
hesitation  with  reference  to  their  exact  position  arose  in  measure  from  the 
coarseness  of  the  Coal  Measures  sandstones,  some  of  which  are  decidedly 
conglomerate. 

The  section  observed  on  the  headwaters  of  Powell  river  contains  twenty- 
one  coal  beds,  seen,  varying  in  thickness  from  three  inches  to  almost  fifteen 
feet.  No  limestone  was  found  in  the  section,  aside  from  a  few  nodules, 
and  those  are  ferruginous.  The  prevailing  rock  is  sandstone,  and  the 
shales,  a  small  part  of  the  column,  are  almost  invariably  sandy.  The  sand- 
stones vary  from  fine  grained  to  conglomerate,  with  pebbles  rarely  larger 
than  a  chestnut,  and  usually  not  larger  than  a  pea.  The  thickness  of  the 
lower  or  productive  portion  is  about  920  feet. 

As  the  available  coal  occurs  in  what  is  equivalent  to  the  Lower  Produc- 
tive Coal  series  of  Pennsylvania,  it  might  be  supposed  that  valuable  beds 
should  be  looked  for  in  the  upper  part  of  the  section,  where  the  Upper 
Productive  Coal  series  of  Pennsylvania  ought  to  be  represented.  It  is  not 
likely  that  any  such  beds  will  be  found.  The  coal  beds  of  the  upper  group 
lose  their  importance  southwardly  and  southeastwardly,  so  that,  for  ex- 
ample, the  Pittsburgh  bed,  which  in  south-western  Pennsylvania  attains  to 
a  thickness  of  f^om  9  to  12  feet,  becomes  thin  and  poor  on  the  Kanawha  river 
ofWest  Virginia.  The  diminution  in  thickness  and  deterioration  in  quality 
ia  so  regular  along*  the  line  of  nearly  200  miles,  that  there  is  every  reason  to 
believe  that  it  continues  southward  until  the  bed  becomes  utterly  worthless. 

Some  of  the  coal  beds  in  this  field  are  of  decided  excellence,  showing 
barely  one  half  of  one  per  cent,  of  sulphur,  and  from  .75  of  one  per  cent,  to 
less  than  4  per  cent,  of  ash.  One  large  bed  yields  an  excellent  coking  coal, 
^vhich  will  prove  of  immense  advantage  in  the  development  of  the  iron 
ores  in  south-west  Virginia  and  north-west  North  Carolina. 

The  Quinnimont  Group  or  Serai  {PottsvilU)  Conglomerate. 

This  group  was  observed  along  Stone  mountain  fVom  the  Little  Stone 
ggp  to  beyond  Pennington's  gap,  and  Mr.  Moore  describes  it  as  making 
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part  of  that  ridge  to  beyond  the  TenneaBee  line.  Its  bedi  are  thrown  OTer 
at  a  high  angle,  Tarying  from  80  to  90  degrees,  and  its  area  Is  not  materiallj 
wider  than  the  thicdmess  of  the  group.  The  same  group  occiub  also  on  tin 
easterly  portion  of  Powell  mountain. 

This  group  is  not  &r  from  1000  feet  thick,  and  is  made  up  of  sandstones^ 
shales  and  coal  beds.  The  highest  stratum,  is  a  sandstone,  known  as  the 
"Bee  rock,"  which  is  about  185  feet  thick,  and  is  a  maAad  feaUire 
along  the  northerly  side  of  Stone  mountain  from  Little  Stone  to  Penning- 
ton's gap.  This  bed  is  more  or  less  conglomerate.  The  lowest  bed*  also^ 
is  conglomerate,  and  is  about  46  feet  thick.  Sandstones  and  oonglomeimtes 
prevail,  and  some  of  the  latter  are  very  coarse.  Six  coal  beds  were  seen  In 
Pennington's  gap  and  a  seventh  was  found  on  Powell  mountain. 

The  coal  beds  are  variable  in  thicluiess,  and  in  the  quality  of  their  ooal, 
so  that  none  of  them  attains  to  real  economic  importance.  Those  in  Stone 
mountain  have  suffered  severe  crushing,  and  are  apt  to  be  pockety.  The 
best  is  that  which  immediately  underlies  the  "Bee  rock,"  and  varies  from 
one  to  three  feet  The  same  bed  is  even  more  irregular  on  the  southerly 
fkce  of  Powell  mountain,  where  its  thickness  is  from  8  to  14  inches.  A 
second  bed  of  workable  thickness  was  seen  in  Powell  mountain,  hut  it  is 
concealed  in  both  Big  Stone  and  Pennington's  gaps.  This*  at  not  ht 
from  dfiO  feet  below  the  top  of  the  group,  is  from  2  to  8  fleet  thick,  and 
seems  to  hold  a  place  very  nearly  like  that  which  is  mined  for  coking  at 
Quinnimont.  In  Powell  mountain,  however,  the  coal  is  sulphurous^  and 
can  be  used  only  for  domestic  purposes. 

The  coal  beds  in  the  greater  part  of  the  Tennessee  coal-field  belong  to 
this  group,  and,  without  doubt,  much  of  the  section  obtained  in  the  north- 
eastern district  of  tliat  coal-field  should  be  referred  to  the  same  horizon,  ss 
Prof.  Safford  has  done.  The  coal  beds  there  are  somewhat  variable.  A 
noteworthy  feature  of  this  group  in  Tennessee  is  that  the  bottom  plate  of 
congiomerate  is  absent,  and  the  Coal  group  passes  directly  into  the  Lower 
Carboniferous. 

The  Lower  Carboniferous. 

The  two  divisions  of  Lower  Carboniferous  recognized  in  Tennessee  by 
Prof.  Safford,  and  named  by  him  the  Mountain  Limeitone  and  SiUeUmt 
groui)s,  are  fully  represented  here.  These  names  are  used  in  this  memoir 
in  preference  to  those  now  used  in  Pennsylvania,  because  in  this  region, 
the  old  division  of  Lower  Carboniferous  into  Umbral  and  Vespertine  or 
Nos.  XI  and  X  would  place  all  the  limestone  together,  and  thereby  do 
violence  to  the  actual  relations  of  the  beds. 

The  beds  of  this  series  are  well  shown  along  Stone  mountain ;  on  the 
bluff  of  Powell  mountain  overlooking  the  valleys  of  North  Fork  of  Clinch. 
and  the  South  Fork  of  Powell  river,  and  in  Brushy  mountain  near  the 
North  Fork  of  Holston  river. 

The  Mountnin  Limeitone  Group. 

This  group  exhibits  some  surprising  variations.  Along  Stoue  mountain, 
the  section  as  shown  in  Pennington's  gap  is 
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1.  Shales  and  sandstones,  with  some  thin  limestones. . . .  705' 

2.  Limestones  and  calcareous  shales 150' 

under  which  comes  the  massive  limestone  of  the  Silicious  group.     But  in 
Brushy  mountain,  where  the  exposures  are  almost  complete,  the  section  is  : 

1.  Shales  and  sandstones,  with  thin  limestones 800' 

2.  Limestones  and  calcareous  shales 1470' 

No  measurements  were  made  on  Powell  mountain,  but  the  thickness  of 
the  group  is  not  materially  different  from  that  shown  in  the  Stone  moun- 
tain gaps.  The  succession  is  complete  on  the  Holston,  and  the  exposures 
are  so  good  that  there  is  not  the  slightest  reason  to  suspect  a  fault ;  as,  in- 
deed, will  be  apparent  to  any  one  who  will  consult  the  detailed  section 
given  in  the  chapter  on  the  Holston  area.  The  shales  and  sandstones  on 
top  are  more  or  less  calcareous ;  some  of  the  sandstones  are  almost  sky- 
blue,  and  they  break  with  an  irregular  fracture ;  others  are  calcareous 
grits,  but  there  are  some  which  are  comparatively  soft.  Several  beds  are 
used  for  the  manufacture  of  hones  and  grindstones.  This  part  of  the  group 
is  well  shown  in  Pennington'.*^  gap,  when  the  river  is  low.  It  is  exposed 
also  in  the  Wolf  creek  gorge,  which  is  followed  from  Holston  river  by  the 
Bristol  Narrow  Gkiuge  Railroad. 

The  greater  part  of  the  lower  division  in  Stone  mountain  consists  of  cal- 
careous shale,  there  being  comparatively  little  limestone ;  but  in  Brushy 
mountain,  there  is  very  little  shale,  and  many  of  the  limestone  beds  are  re- 
markably free  from  foreign  matter  ;  chert  occurs  in  small  quantity  in  some 
of  the  lower  beds  both  in  Stone  mountain  and  near  the  Holston. 

Fossils  characteristic  of  the  Ghenter  limestone  occur  plentifully  in  some 
beds  at  all  localities.  PentremiteB  godonii,  Produetus  semi-reticulatus  and 
an  undetermined  Zaphrentis  were  found  in  Hunter  valley ;  Produetus  semi' 
reUeukUui,  HemipronUes  craBBUBf  Spirifera  leidyi,  AthyrU  subquadrata, 
Oyrtoceras,  Iflsneiislla  and  Zaphrentis  spinulifera  were  obtained  in  Penning- 
ton's gap  ;  in  Brushy  mountain  the  stems  of  crinoids  and  Chonetes  are  com- 
mon in  some  of  the  shale  beds  of  the  upper  part  of  the  group.  The  higher 
limestones  are  made  up  mostly  of  a  Fenestella,  with  occasionally  a  ZapJ^ 
refUii  or  a  Prodvetui ;  while  in  the  lower  limestones  crinoid  stems, 
nneiUlla,  Zaphrentis^  Prodtkctus  cora,  Produetus  elegans,  Spirifera  leidyi, 
Aihyrii  subquadrata^  Pinna  missouriensis  f,  and  Allorisma  are  very  com- 
mon, along  with  other  forms  not  recognized  during  the  hurried  examination. 

The  Silieious  Oroup. 

In  Tennessee,  according  to  Prof.  Sa£ford's  statement,  this  group  is  double, 
consisting  of 

1.  The  LithoMtrotion  or  coral  bed,  a  cherty  limestone,  fossiliferous  and 
everywhere  characterized  by  Lithostrotion  eanadense. 

2.  The  Lower  or  Protean  member,  variable,  mostly  silico-calcareous  ; 
often  limestone ;  often  sky-blue ;  contains  much  chert  in  its  middle  and 
lower  portions ;  sometimes  beds  of  crinoidal  limestones. 
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This  division  is  easily  recognized  in  middle  Tennessee,  but  the  distinction 
is  not  so  clear  in  eastern  Tennessee.  "So  far  as  its  presentation  in  East 
Tennessee  is  concerned,  no  division  is  practicable." 

Within  the  area  under  consideration,  the  group  is  double.  It  is  shown 
in  the  gaps  of  Stone  mountain  and  is  well  exposed  near  the  North  Fork  of 
Holston  river  along  the  line  of  the  Bristol  Narrow  Gauge  Railway  Com- 
pany.   The  section  at  Pennington's  gap  is  : 

1.  Cherty  limestone 200' 

2.  Reddish  silicious  beds,  some  of  them  blue  on  fresh 

surface,  some  shale 150' 

The  lower  member  was  identified  by  Mr.  Moore,  who  has  visited  this  gap, 
with  the  Protean  member  or  the  Knobstone  of  Kentucky.  The  limestone 
is  well  exposed  both  here  and  in  Big  Stone  gap,  and  at  both  localities  it 
contains  much  chert  in  nodules,  sometimes  as  large  as  a  melon.  The 
change  in  this  group  is  as  striking  as  that  observed  in  the  Mountain  Lime- 
stone group,  and  the  section  near  the  North  Fork  of  Holston  is  as  follows : 

1.  Limestone  and  shale 655' 

2.  Calcareous  sandstone  and  shale 100' 

Several  of  the  limestone  beds  hold  very  much  chert,  in  layers  and  nodules, 
but  the  quantity  is  comparatively  small  in  the  lower  beds,  one  of  which  is 
almost  free  from  it.  The  lower  member  of  the  group  consists  of  sky -bine 
grits,  breaking  with  irregular  fracture,  and  some  yellow  shales  in  which  is 
a  carbonaceous  layer.  The  exposure  is  not  wholly  complete  and  between 
80  and  40  feet  of  the  upper  part  of  the  shale  is  concealed.  The  top  layers 
for  about  10  feet  are  fairly  well  shown  in  the  railroad  side-cutting.  A  coal 
bed  may  belong  in  the  concealed  interval  as  coal  is  said  to  have  been  digged 
in  the  bed  of  the  river  almost  directly  opposite  to  this  concealed  space. 

The  only  trace  of  fossils  found  in  the  lower  member  was  a  fragment  of 
what  seemed  to  be  Leiorhynchus  ;  no  Lithostrotion  was  seen  in  the  upper 
member,  but  Prodnctus  and  Athyris  are  common,  as  are  also  crinoid  stems 
and  bryozoans.  These  may  be  collected  either  in  Stone  or  in  Brushy 
mountain.     The  chert  often  replaces  Pn'duciuit. 

The  Protean  member  of  the  Silicious  group  shows  some  interesting 
variations ;  Prof.  Fontaine  obtained  the  following  section  on  the  Green- 
brier river  of  West  Virginia  : 

1.  An  upper  member  consisting  almost   entirely  of  red 

marlites 250' 

2.  A  middle  member  characterized  by  predominance  of 

gray  sandstones,  containing  coal 350' 

3.  A  lower  member,  characterized  by  silicious  sandstones 

and  conglomerate.  Thickness  exposed,  60'.  With 
this  should  probably  be  counted  500'  of  under- 
lying more  silicious  flags,  total 560' 

There  is  no  room  for  doubting  the  identity  of  this  section  with  the  Protean 
group,  for  Prof.  Fontaine  obtained  Lithostrotion  canadense  from  the  lime- 
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Stone  near  Lewisburg,  West  Virginia.  The  red  shales  underlying  the  lime- 
Btone  unquestionably  belong  not  with  the  limestone,  but  with  the  under- 
lying shales  and  sandstones.  In  Brush  mountain  and  its  vicinity  in 
Montgomery  county.  Prof.  Fontaine  found  : 

The  upper  member 1090' 

The  middle  member 670' 

The  lower  member 930' 

In  all  2690'  instead  of  1160,  as  on  the  Greenbrier  river.  Goal  beds  occur  in 
both  sections.  But  when  the  line  of  the  Bristol  Railroad  is  reached  in 
Brushy  mountain  very  near  the  border  line  between  Scott  and  Washington 
counties,  this  great  mass  has  diminished  to  barely  100',  its  coals  have  dis- 
appeared and  there  remains  of  it  nothing  but  some  shales  and  shaly  sand- 
stones, most  of  them  more  or  less  calcareous.  In  eastern  Tennessee  the 
distinction  between  the  Protean  and  the  Upper  member  is  obscure,  owing 
probably  to  increase  of  limestone  in  the  lower  member. 

The  Devonian. 

This  is  represented  by  the  Chemung  and  Hamilton.  The  Coniferous 
and  Catskill  are  absent. 

The  Aill  section  of  the  Devonian  was  seen  only  in  Brushy  mountain  and 
the  Poor  valley  between  that  and  Clinch  mountain.  The  first  ridge  of 
Broshy  mountain  is  composed  of  Devonian  rocks,  and  very  fair  exposures 
of  the  series  can  be  found  along  lines  running  from  the  foot  of  Clinch 
mountain  through  the  numerous  gaps  in  that  ridge.    The  succession  is 

Chemung 800' 

Hamilton 830' 

But  in  the  Poor  valley  of  Stone  mountain  and  along  the  face  of  Powell 
mountain,  the  Chemung  and  much  of  the  Hamilton  are  wanting,  so  that 
the  rocks  of  the  Silicious  group  rest  directly  on  the  lower  Hamilton  shales. 

The  Chemung,  as  shown  along  Brushy  mountain,  between  Moccasin  gap 
of  Clinch  and  the  railroad  bridge  over  North  Fork  of  Holston,  consists  of 
irregularly  bedded  sandstones  and  shales,  containing  more  or  less  of  nodular 
clay  iron-stone  and  some  dark  shale.  Fossils  are  not  very  numerous,  but 
two  thin  layers  associated  with  conglomemte  bands  show  characteristic 
Chemung  species,  Spirifera  disjuneta  and  Productella  boydiit  along  with 
Chonetes  and  other  forms  which  could  not  be  obtained  in  good  enough  con- 
dition for  identification.  Spirophyton  occurs  plentifully  in  the  lower  beds. 
These  rocks  are  well  exposed  along  the  railroad  excavations  between 
Hendota  and  the  Holston  bridge. 

The  Hamilton  is  triple,  dark  shales  on  top,  yellow  sandy  shales  in  the 
middle,  and  black,  more  or  less  carbonaceous  shales  below  ;  thus  showing 
the  general  divisions  observed  in  New  York  and  Pennsylvania.  All  three 
of  the  divisions  were  seen  in  the  Poor  valley  and  Brushy  mountain  ;  but  in 
the  vicinity  of  Stone  mountain  and  of  the  North  Fork  of  Clinch  river,  only 
the  lower  black  shales  were  found.  The  thickness  of  these  near  Stone 
mountain  is  probably  not  more  than  125  or  150  feet,  while  at  one  locality  it 
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is  certainly  less.  Tbe  lower  shales  are  often  very  rich  in  carboDaoeoos  matter 
and  two  beds  near  the  base  have  been  mistaken  for  oodl  beds.  Iron  pyntes 
occurs  plentifully  in  these  lower  shales  at  all  localities  and  alum  incruati^ 
tions  are  common.  A  fine-grained,  nearly  white  sandstone  is  shown  at 
several  places  near  the  base  of  the  group ;  it  is  a  good  firestone  and  has 
been  hauled  nearly  forty  miles  by  wagon,  for  use  as  fhmace  lining. 

Few  fossils  were  seen  in  the  Hamilton  ;  a  CTionetes  occurs  plentiftilly  in 
the  upper  shales  and  imperfect  specimens  of  Lingula  were  found  in  the 
lower  shales.  These  Hamilton  beds  are  the  black  shales  described  in  Prol 
Safford's  report  on  Tennessee. 

The  Upper  Silurian. 

This  is  represented  by  the  Oriskany,  Lower  Helderberg,  Clinton  and 
Medina ;  the  Niagara  and  the  Oneida  Conglomerate  were  not  recognized. 

The  OHBkany, 

This  is  a  sandstone,  probably  not  more  than  85  or  40  feet  thick,  which  is 
shown  in  the  Poor  valley  of  Powell  river,  and  along  the  valleys  of  Wildcat 
creek  and  the  North  Fork  of  Clinch  ;  also  along  the  latter  stream  at  the 
foot  of  Powell  mountain,  and  in  the  Hunter  valley  at  Stony  creek.  It  is 
absent  along  the  southerly  foot  of  Clinch  mountain,  where,  indeed,  the 
Upper  Silurian  is  represented  only  by  the  Medina  and  a  small  part  of  the 
Lower  Helderberg. 

The  Oriskany  sandstone  is  coarse,  reddish  on  exposed  surface  but  white 
on  the  fresh  surface.  It  is  fViable,  and  at  some  localities,  notably  along 
the  North  Fork  of  Clinch  river,  it  readily  disintegrates  on  exposure.  Very 
possibly  the  upper  ore-horizon  along  Wildcat  creek  and  the  North  Fork 
of  Clinch  river  may  belong  in  part  to  this  sandstone.  This  rock  con- 
tains Streptorhynchns  hipparioni/x  on  Stony  creek  ;  in  the  Poor  valley  of 
Powell  river,  it  contains  Merista  lata,  but  with  that  there  occur  some  forms 
belonging  to  the  Lower  Helderberg,  so  that  in  the  writer's  previous 
memoir  the  sandstone  was  referred  to  the  lower  group.  The  relation  be- 
tween the  two  groups  is  very  close  throughout  this  region. 

The  Lower  Helderberg. 

This  group  accompanies  the  Oriskany.  In  a  general  way  its  character- 
istics are  very  similar  to  those  of  the  same  group  in  New  York.  The 
Leperditia  bed  at  the  base  is  shown  near  Big  Stone  gap.  Below  this  is  a 
coarse  sandstone  like  the  Oriskany,  which  is  shown  at  some  localities 
along  Powell  river,  and  is  well  exposed  along  the  line  of  the  Pattonsville 
fault.  The  group  closes  with  a  limestone,  which  frequently  becomes 
silicious.  It  is  occasional  1}^  fossil iferous  and  the  species  are  very  charac- 
teristic. 

The  lower  sandstone  of  this  group  is  ferriferous  and  occasionally  holds 
a  brown  hematite  of  excellent  quality.  A  fossiliferous  brown  hematite 
was  seen  at  the  southerly  foot  of  Clinch  mountain,  which,  in  all  proba- 
bility, should  be  referred  to  this  group. 
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The  Clinton. 

Prof.  Safford  has  found  in  Tennessee  above  the  Clinton  group  a  lime- 
stone, which  he  regards  as  representing  the  Niagara  group  of  New  York ; 
bnt  no  traces  of  that  limestone  were  observed  by  the  writer,  unless  the 
fragments  seen  on  the  Jonesville  and  Gladesville  pike  and  belonging  in  the 
concealed  interval  between  rocks  of  Clinton,  and  those  of  Lower  Helder- 
berg  age,  may  be  referred  to  it.  Elsewhere  no  bed  was  seen  which  could 
1)6  regarded  as  representing  the  Niagara  group. 

The  Clinton  group  is  present  in  Poor  Valley  ridge ;  on  both  Wallen's 
ridge  and  Powell  mountain  ;  and  at  two  localities  along  the  northerly  side 
of  Buckner's  ridge ;  but  it  is  absent  from  the  southerly  side  of  Clinch 
mountain.  The  structure  of  that  ridge  is  shown  in  Moccasin  gap, 
where  the  Medina  sandstone  underlies  the  Lower  Helderberg,  on  which 
the  Hamilton  shales  rest. 

No  full  section  of  the  Clinton  group  was  obtained,  but  its  thickness  can- 
not be  far  from  700  feet.  The  rocks  are  sandstones  and  sandy  shales,  but 
a  calcareous  sandstone,  60  feet  thick,  and  containing  thin  bands  of  very  fair 
limestone,  occurs  near  the  middle  of  the  group.  Three  beds  of  the  fossil- 
iferous  ore  were  seen,  and,  according  to  Mr.  Pennington,  who  owns  the  forge 
in  the  gap  whicli  bears  his  name,  two  others  exist,  but  they  are  very  thin. 
The  three  beds  belong  below  the  middle  of  the  group.  The  lower  two  are 
not  far  from  50  feet  apart,  but  the  interval  to  the  upper  bed  is  somewhat 
greater.  These  intervals  show  considerable  variation  in  Poor  Valley  ridge, 
where  the  ore  has  been  opened  at  several  localities.  Two  beds  were  seen 
on  the  southerly  slope  of  Wallen's  ridge  and  three  on  Powell  mountain  ; 
while  only  two  are  exposed  in  Hunter  valley.  The  most  important  bed  is 
the  middle  one,  which  usually  carries  excellent  ore.  The  others  vary  much 
in  thickness  and  quality  of  the  ore. 

The  Medina  Sandstone, 

This  is  a  salient  feature  of  the  region,  as  it  forms  the  crest  line  of 
Wallen's  ridge,  Powell  mountain  and  Clinch  mountain.  For  the  most 
part,  it  is  a  massive,  fine-grained  and  very  hard  sandstone,  but  it  has  some 
layers  of  conglomerate,  which  are  most  numerous  near  the  top.  On  Clinch 
mountain  it  is  divided  by  bands  of  shale  in  which  brown  hematite  occurs. 
On  Powell  mountain  and  Wallen's  ridge  it  graduates  upward  into  a  red- 
dish sandstone  which  may  represent  the  white  oak  sandstone  of  Prof.  Saf- 
ford's  report,  though  the  writer  is  inclined  to  regard  it  as  part  of  the 
Clinton  or  dyestone  group,  the  total  thickness  as  observed  on  the  several 
ridges  does  not  exceed  400  feet.  No  fossils  were  seen  other  than  casts  of 
the  characteristic  fucoid. 

Thb  Lower  Silurian. 

This  is  represented  by  Formations  II  and  III  of  the  Virginia  column.  A 
more  convenient  division  for  description  is  that  made  by  Prof.  Safford  into 
the  Knox  and  the  Trenton  and  Nashville  groups.    The  Knox  gror** 
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idudeg  all  but  the  upper  part  of  No.  11,  or  tUc  OUazy  of  New  York,  whi' 
Ib  placed  by  Prof,  Safford  iu  bis  biglier  group. 

These  groups  are  eiposed  over  a  great  purt  of  the  area ;  tliey  are  *■ — ^1>6 
Burf&ce  rocks  in  the  great  Powell  valiey  beiween  Poor  Valley  ridge  f^x:^^^-M 
Wallen's  ridge ;  tUey  are  sliown  in  the  suutlierly  side  of  Wallen  valley  i».k3^k^  °^ 
the  northerly  side  of  Powell  mnunUim  ;  they  esiend  unbroknn  from  fM^  -lie 
Hunter  Valley  fault  to  the  crest  of  Clinch  mountain  ;  and  again  from  H<^  ■  ^1- 
Btou  fault  to  the  Valley  of  Virginia.  Detailed  study  of  these  grou|>s  cou  -»ld 
not  be  made  :  Ihey  are  faulted  and  folded  in  the  most  perplexing  inan»  i-  r, 

to  that  In  the  course  ofa  day's  ride  across  the  country  one  passes  agaio  a>.i  ^'d 
again  over  the  outcrop  nf  the  same  beds.  But  the  general  features  of  t.1^^Bio 
higher  group  and  the  upper  pan  of  the  lower  can  be  worked  out  somewl:»^» — *' 
ntpidly  in  Moccasin  ridge,  where  the  dip  is  apparently  unbrokca  by  * 

Ikult.     The  lower  parts  of  the  Enox  group  nre  shown  in  Buckner'a  rid^- 

The   Trenton  und  IfaahmlU  Orovji. 
This  embraces  the  Hudson,  Trenton  and  Cliacy  groups  of  New  York, 
li  well  shown  in  Powell  valley,  in  Wallen's  valley,  and  on  the  southe^r— "Jy 
■lopes  of  Copper  and  Moccasin  ridges.     A  seciinn  was  obtained  in  b 
vicinity  of  Estillville,  Scott  county,  which  is : 

1.  Bhales  with  thin  iimesiono,  calcareous  at  hose 756' 

2.  Limeshmes  aud  shales 430' 

I  thus  giving  a  thickness  of  1185  feet  for  the  series.  A  detailed  descriplt 
I  is  given  in  the  cliapier  on  the  area  drained  by  Clinch  river.  The  thicknc 
»  of  the  shales  Is  nearly  the  same  on  Ihe  northerly  side  of  Wallen's  rtdg 
I  where  Ihey  are  well  exposed.  They  jkre  black  and  more  or  less  fissile  at  U 

Tmsc,  but  higher  up  the  color  becomes  brownish  to  reddish  brown,  i 
rock  is  in  thick  layers.  The  change  to  the  Medina  sandstone  is  well  shot 
on  the  crest  of  Powell  mountain,  where  it  ia  abrupt.     A  great  limi 
lies  at  the  base  of  the  group ;  it  is  massive,  occurs  in  lieds  from  tO 
feet  thick,  which  are  sep:irated  by  thinner  beds  of  shale.     Many  of  thi 
limestone  beds  yield  a  beautiful  marble,  which   is  equal   to  any  ftum 
^ical  localities  in  Tennessee. 

Fossils  nre  abundant  in  many  [mrts  of  the  section. 

The  Knox  Oroup. 

As  in  Tennessee,  this  group  is  triple  ;  the  upper  division,  consiatmg 
cherty  limestones  and  dolomites,  is  well  exposed  in  Moccasin  and  Coppt-^^ 
ridges,  the  middle  or  shaiy  division  and  the  lower,  consisting  of  calcareoi^^-"^ 
\   (andstones,  are  shown  in  Buckner's  lidge  and  near  Clinch  river. 

The  section  of  the  upper  division,  as  obtained  in  Moccasin  ridge,  may  ocS^^^ 
be  complete,  part  of  it  having  been  obtained  on  one  road  and  part  of  it  o^* 
another  ;  there  may  be  a  gap  of  nearly  800  feet-  The  estimated  thick nci^  "^ 
is  about  1750  feet.  In  llie  upper  half  the  limestoneB  are  more  or  leaa  dol(*^^-* 
mitic  and  contain  much  chert,  so  much,  that  in  three  great  l)eds  the  chei  ^  _ 
predominates.     These  beds  are  ridge  makin;^,  and  they  crown  the  Bumniit 
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the  several  subordinate  ridges  in  botli  Copper  and  Moccasin  ridges. 
086  cherty  beds,  too,  are  iron  bearing,  and  each  of  them  carries  ez- 
siVe  deposits  of  brown  hematite,  some  of  which  have  been  explored, 
iowest  bed  of  this  division  is  a  calcareous  sandstone  very  similar  to 
at  tlie  base  of  the  group. 

e  middle  division  consists  mostly  of  shales,  with  which  are  beds  of 
"0  limestone,  more  or  less  silicious  and  varying  from  2  to  10  feet  in 
tess.  This  is  shown  along  Clinch  river  at  many  places  as  well  as 
Stock  creek  and  along  the  Jonesville  and  Estillville  road  as  it  passes 
tie  North  Fork  of  Clinch  river  to  the  mouth  of  Stock  creek. 
lo-^er  division  is  a  mass  of  calcareous  sandstone  and  sandy  lime- 
^^ith  some  shale,  the  whole  containing  great  quantities  of  iron 
B>  'W'liich  makes  up  fully  one-fifth  of  the  whole  mass  of  some  beds. 
Mneral  occurs  in  irregular  laminae  often  one-fourth  of  an  inch  thick, 
X  sometimes  make  a  network  on  the  exposed  surface  of  the  rock, 
division  is  well  exposed  along  the  whole  line  of  the  Hunter  Valley  or 
ch  uplift  within  the  region  examined, 
he  composition  of  the  Knox  group  here  is  approximately  as  follows : 

^-  Limestones,  shales  and  chert  beds 1750' 

^.  Bhales  and  limestones 1000' 

^.  Calcareous  sandstones,  pyriferous 500' 

^  giving  for  the  whole  group  a  thickness  of  not  far  from  3250  feet. 

III.  Gbology  op  the  Area  Drained  by  Powell  Riyer. 

*^^  important  coal-field  lying  north  from  Stone  mountain  narrows 
^ly  westward  owing  to  the  convergence  of  Stone  and  Black  mountains, 
^t,  as  far  as  Virginia  is  concerned,  it  practically  disappears  at  but  a 
^  way  beyond  Pennington's  gap.  But  the  available  area  diminishes 
^  more  rapidly.  The  streams  flowing  from  Black  mountain  become 
^r,  and  have  a  greater  fall,  so  that,  as  the  beds  dip  toward  Black 
^tain,  the  area  above  natural  drainage  is  much  smaller  even  propor- 
^tely  on  the  waters  of  the  North  Fork  of  Powell  than  it  is  along  those 
^  which  unite  at  the  head  of  Big  Stone  gap. 

^c  previous  memoir  by  the  writer  contained  a  section  of  the  Goal 
^TArei  as  they  appear  above  Big  Stone  gap :  but  the  lower  part  was 
Kx  according  to  a  rude  estimate,  while  500  feet  at  the  top  had  not  been 
KXined  in  detail.  As  already  intimated,  the  unexamined  part  at  the  top 
Uch  greater  than  is  given  in  that  section.  As  amended,  according  to 
^t^ations  at  the  head  of  Pennington's  gap  and  according  to  Mr.  Moore's 
>iiietric  determination  of  the  height  of  Black  mountain  at  the  head  of 
'Uey  branch  of  Cumberland  river,  the  section  is  ; 

1.  Not  examined 800' 

2.  Sandstone  and  sandy  shale 200' 

8.  Coal  bed 0'  4" 

4.  Sandstone 30' 

5.  Coal  bed 1' 5" 

6.  Sandstone  and  shale 115' 
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oal  bed. 0'( 

uidetone TC 

oal  bttl. , i' 

ireclay  wilh  atigmaria 9' 
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oal  bid 1' 

wdstooe tv 

.-..      jale 80* 

001  bfd C  4" 

imlslone afl' 

-".'"     V 

O'lO" 

I,  mostly  BSJidBloDe S5' 

20-  toa.      .    'Canneiwdm" 7' 8" 

ai.  Sandstone 60' 

■28.  Coalbad— Upper  8pl\nt 8'  6" 

28.  Sandstone TO' 

34,  Coal  bed — Loiear  Splint ...3'Q"lo1| 

SO.  Ill-exposed,  moatl;  uudstone,  some  yeUow  aliala  120' 

28.   Coal  btd BloMom. 

27.  SautUtone 70" 

2S.   Coal  bed 1'          . 

20,  Shale  and  Bandstone 25' 

80.  Goal  bed— Kelly  team 2"  to 

81.  SaailsKiae 43' 

32.  Shale 5' 

33.  Coal  btd — Imboden  team 8' 

34.  Sliale 6' 

36.  Sandstone 85' 

36.  Carbonaceous  sbale 0'4" 

37.  Sandstone 70* 

38.  Coal  bed 1'  6" 

30.  Ill-eipoaed,  mostly  shale  or  slialy  sandstone. ...  W 

40.  Coal  bed 18"  to 

41.  Sftjidfctone 35' 

43.   Cool  bed %• 

43.  Sandstone 60' 

44.  Coal  bed 2' to  y 

45.  Sandstone  and  some  shale 80' 

40.   Conl  bed 8' 

47.  Shale  and  sandstone 86' 

48.  Coal  bed,  blossum  seen,  said  to  be 1'  6'' 

49.  iNiorvj.l  fi>iic«HlL-a 133' 

50.  ''""I  hr,i.  not  seen,  said  to  be S' 

51.  Shale 26' 

62,  "Bee  rock  "  of  QuinnimoQt  group 

Total  thickness 2848' 
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e  important  beds  of  this  group  were  described  in  detail  in  the  pre- 
viotis  xnemoir,  only  a  brief  synopsis  is  necessary  here.  No  additional  in- 
forixi&t.ion  has  been  obtained  respecting  them,  for  the  area  drained  through 
peiii:iii:2^on's  gap  by  the  North  Fork  of  Powell  river  is  wholly  undeveloped, 
and  on  \y  the  lower  coal  beds  are  well  exposed. 
Tlie    Channel  seam  consists  of: 

Channel 2'  \ 

.^alternating  layer  of  coal  and  shale 1'  10"  >    1'  Z" 

Situminous  coal 8'  5"     j 

BtLt  tUe  bed  is  variable  and  at  another  locality  it  shows  three  layers  of  coal^ 
amounting  in  all  to  but  2  feet,  distributed  through  19  feet  of  measures. 
Tbe  coal  from  the  Upper  Splint  is  of  superior  excellence,  containing  but 
3.(n5  per  cent,  of  ash  and  but  0.406  of  sulphur ;  the  coal  from  the  Lower 
Splint  seems  to  be  of  equally  good  quality.  The  Kelly  seam  is  a  variable 
bed,  which,  where  thickest,  shows  three  divisions  ;  the  upper  one  is  slaty, 
the  lovrer  one  is  a  splint  of  fair  quality,  while  the  middle  division  seems  to 
be  a  gas  coal  of  remarkable  excellence,  as  it  contains  88.850  of  volatile 
combustible  matter,  with  0.771  of  sulphur  and  only  0.890  of  ash. 

1*be  Imboden  or  coking  seam  is  by  far  the  most  important.  It  was  first 
traced  by  (General  J.  D.  Imboden,  who  made  many  prospecting  pits  in  it  to 
determine  its  value.  This  bed  varies  in  thickness  from  6'  11"  to  8'  5",  and 
everywhere  yields  a  soft  coal,  which  produces  an  excellent  coke.  The  coal 
contains  but  1.515  of  ash  and  only  0.594  of  sulphur. 

^on.  33  and  40  were  seen  only  in  Pennington's  gap.  The  former  is  insig- 
nificant ;  the  latter  is  badly  distorted  by  pressure  and  the  coal  is  so  crushed 
**  ^  1)6  useless.  The  whole  section  from  No.  37  to  the  bottom  is  vertical 
At  the  head  of  Pennington's  gap.  The  coal  bed.  No.  42,  has  not  been  mined, 
^^t  It  18  exposed  in  the  bank  of  the  North  Fork,  where  it  shows  a  clay 
IMrtitig  midway.  No.  46  is  evidently  the  same  with  No.  44  of  the  section 
^^  P-  91  of  the  previous  memoir.  It  shows  nearly  8  feet  of  good  coal  on 
.  ^^orth  Pork,  where  some  mining  has  been  done.  The  coal  is  fat,  cak- 
^^S  ^^d  contains  much  mineral  charcoal.  The  two  beds,  Nos.  49  and  51, 
^^'^  reached  only  in  Pennington's  gap,  where  they  are  no  longer  exposed. 

Stone  Mountain. 

^«  structure  of  this  mountain  has  been  explained  in  another  part  of 

^    ^Hemoir.    The  groups  involved  in  the  fold  include  the  whole  series 

7^^^  the  Clinton  up,  but  in  the  mountain  as  it  now  stands,  one  finds  only 

^  ^Ower  pert  of  the  Coal  Measures,  with  the  Quinnimont  group  and  Lower 

^'^^^Kriniferous.    Exposures  are  very  poor  in  both  Little  and  Big  Stone 

\^^»  and  the  succession  of  the  rocks  could  not  be  made  out  until  Pen- 

^^ton's  gap  was  reached.    There  the  following  section  of  the  Quinni- 

^^^  group  was  obtained,  the  thicknesses  being  estimated  : 

1.  Sandstone  "  Bee  rock, " 135' 

2.  Shale '. 15' 

3.  Sandstone 12' 
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4.  {MLhtd VW'toW 

6.  Sanditaiie W 

C  (7mI  ftMi  mod  ihale 1' 

7.  gnii^^n^yi^. WK 

8.  Coagloinerate IW 

%.  CoDoeakd W 

10.  Ssndslone W 

11.  Cobbed Vf-' 

12.  Shale,  daj  and  aandnone 4D^ 

1&  Flaggy  aandnone IS' 

14.  MawTe  aandBtone ^W 

15.  Concealed W  . 

IS.  Coal  60d  with  madi  ahale V 

17.  Imperfectly  exposed,  much  c3ngloDieiate. W 

18.  (7mi<  60d  and  shale VW 

19.  Shale W 

20.  (7miI  ftnl  and  ihale V 

21.  Clay V 

22.  Sandstone IS' 

23.  Pots  of  6Mi/ in  sandstone V 

24.  Conglomerate 4S' 

Total 1000^2" 

The  rocks  are  vertical ;  but  the  gorge  is  very  crooked  and  some  dilBciiltf 
was  encountered  in  the  effort  to  estimate  the  thickness  of  Na  7,  whidi 

may  be  somewhat  greater  than  is  given  above. 

No.  1,  the  "Bee  Rock"  of  Big  Stone  gap,  forms  a  oonspicuoos  comb 
along  Stone  mountain  from  Little  Stone  gap  to  certainly  8  miles  west  ftom 
Pennington's  gap,  and  it  is  well  shown  at  the  head  of  each  gap.  The 
upper  part  is  flaggy  and  rather  fine-grained  ;  but  below,  the  rock  becomes 
massive  and  coarser,  with  numerous  pebbles.  No  bedding  is  perceptible 
for  65  feet  from  the  bottom.  Some  plant  impressions  were  seen  and  there 
is  much  carbonized  wood  in  large  fragments.  The  shales  underlying  this 
rock  are  brown  to  reddish  brown,  clayey  and  without  distinct  bedding. 
The  sandstone,  No.  3,  is  blue  and  flaggy  in  the  upper  part,  bat  becomes 
gray  and  shaly  IkjIow. 

The  Coal  bed.  No.  4,  is  much  crushed  and  its  thickness  has  been  much 
reduced  by  the  violent  pressure.  It  is  Imdly  twisted  and  is  fh>m  14  inches 
to  3  feet  thick.  The  coal  is  good,  caking,  admirable  for  blacksmiths'  ose 
and  contains  much  mineral  charcoal.  The  underlying  sandstone  is  argil- 
laceous and  near  the  coal  it  is  really  a  sandy  fireclay  containing  many 
stems  and  rootlets  of  Stignyiria.  The  little  Coal  bed.  No.  6,  is  bat  5  inches 
thick  and  has  black  shale  both  above  and  below  it 

No  full  exposure  of  the  sandstone.  No.  7,  could  be  found.  The  mass 
varies  from  fine-grained  sandstone  to  coarse  conglomerate  and  holds  some 
bands  of  shale.  A  Coal  bed  is  said  to  occur  in  this  interval,  but  no  traces 
of  it  were  seen.    Nos.  8  and  10  are  conglomerate.    The  latter  crosses  the 
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'  at  Pennington's  mill  and  is  well  exposed  immediately  below  the  dam. 
light  gray,  cross  bedded  and  contains  many  rude  impressions  of  plant 
s.  Some  of  its  finer  layers  yield  a  good  firestone  ;  and  the  Uning  of 
lington's  forge,  constructed  of  this  sandstone,  has  stood  for  three  years, 
is  said  to  bear  a  dash  of  cold  water  without  cracking,  even  when  at  a 
It  red  heat  The  little  Ooal  bed,  No.  11,  is  of  no  value,  but  the  clay 
rneath  it  makes  excellent  brick  though  it  is  too  ferruginous  to  be 

for  firebrick.  No.  13  is  shown  immediately  below  the  forge  and 
!  of  its  layers  do  well  as  firestone.  Much  coarse  conglomerate  occurs 
98.  14  and  17,  and  there  are  several  coarse  layers  in  No.  24.  Many 
essions  of  plant  stems  were  seen  in  No.  22. 

le  Ooal  beds,  Nos.  16,  18  and  20,  are  no  longer  exposed  in  the  gap. 
^  were  opened  by  Mr.  Pennington,  but  proved  worthless.  No.  16  was 
ed  both  in  the  bank  of  the  stream  and  on  the  hillside  ;  it  is  5  feet  thick 
th  places,  but  the  coal  and  shale  are  in  nearly  equal  proportion  and 
3  mixed  that  the  bed  is  without  value.  A  bed,  shown  on  the  ridge  at 
t  two  and  one-half  miles  from  gap,  is  supposed  by  Mr.  Pennington  to 
e  same  with  No.  16.  It  is  2  feet  9  inches  thick  and  yields  good  coal,  of 
h  some  has  been  hauled  to  Jonesville. 

le  other  beds  consist  only  of  a  worthless  commingling  of  coal  and  shale. 
^  may  have  been  a  Goal  bed  at  one  time,  but  if  so,  it  was  torn  up  and 
9tnbuted  during  the  formation  of  the  overlying  sandstone,  for  now  it 
ists  of  simply  small  pockets  of  pulverized  coal  scattered  through 
it  of  sandstone. 

le  massive  beds  of  this  group  project  above  the  sur&cc  like  dikes  and 
!  of  them  overhang  the  river. 

Le  Lower  Carboniferous  limestone  is  well  exposed  at  many  places  along 
B  mountain,  but  continuous  exposures  were  found  only  in  Penning - 

gap,  where  the  following  succession  was  made  out,  the  thicknesses 

I  estimated  : 

Mountain  Limestone  Group, 

1.  Imperfectly  exposed 40' 

2.  Sandstone 15' 

8.  Dark  fissile  shale 5' 

4.  Sandstone 20' 

5.  Imperfectly  exposed,  much  shale 200' 

6.  Sandstone 75' 

7.  Shale  with  thin  limestone 85' 

8.  Sandstone 40' 

9.  Concealed 60' 

10.  Calcareous  sandstone 120' 

11.  Dark  fissile  shale 5' 

12.  Calcareous  shale 90' 

13.  Argillaceous  limestone,  fossiliferous 15' 

14.  Imperfectly  exposed 60^ 

15.  Massive  limestone 25' 

16.  Calcareous  shale,  fossiliferous 50^ 
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SUicious  Group. 

17.  Limestone 200' 

18.  Shale  and  sandstone 150' 


Total  Mountain  Limestone  group,  855' ;  Silicious  group,  350'. 

Tlie  interval,  No  1,  is  filled  for  the  most  part  with  shale,  though  there 
are  traces  of  sandstone  and  a  bed  of  rather  lean  carbonate  of  iron.  The 
latter  has  been  opened  by  Mr.  Pennington,  but  it  is  too  lean  for  use  in  hit 
forge.  The  shale,  No.  3,  is  quite  rich  in  carbonaceous  matter  and  it  may 
represent  the  Coal  beds  of  south-west  Pennsylvania,  belonging  at  this  hori- 
zon. Nos.  2  and  4  arc  hard  red  grits.  The  interval.  No.  5,  contains  some  red 
shale,  some  bluish  grit-like  beds,  but  for  the  most  part  it  is  effectually 
concealed.  The  sandstone,  No.  6,  is  fine-grained,  mostly  light  colored, 
and  tlie  sand  is  sharp  and  cleaned.  The  bed  is  well  exposed  on  both  sides 
of  Pennington's  gap  and  is  the  first  sandstone  bed  seen  in  ascending  Big 
Stone  gap.  It  is  the  principal  source  of  the  sand  covering  the  "bottom" 
of  Powell  river  and  that  of  the  North  Fork  near  the  gaps.  No.  10  is  a  liard 
blue  grit,  containing  not  a  little  oxide  of  iron,  which  causes  disintegration 
on  exposure.  It  is  well  shown  in  the  bed  of  the  North  Fork  in  Penning- 
ton's gap.  No.  14  is  imperfectly  exposed,  but  here  and  there  it  shows  some 
limestone  and  red  shale.  Mr.  Pennington  says  that  some  good  iron  ore  has 
been  obtained  from  this  interval.  No.  15  is  an  excellent  limestone,  and  it 
would  be  good  either  for  furnace  use  or  in  the  manufacture  of  lime.  Chert 
fii-st  appears  in  the  lower  part  of  No.  16,  where  numerous  layers  were  seen 
from  half  an  inch  to  two  inches  thick  and  richly  fossiliferous.  From  one  of 
these  the  following  species  were  obtained  during  a  hurried  examination  : 
Fenestella  :  Zaphrentis  spinulifera  ;  Productus  semi-rectieulatvs  ;  Hemi- 
pronites  crassus  ;  Spirifera  leidyi ;  and  Athyris  subqu(tdraia. 

The  great  limestone,  No.  17,  is  well  shown  along  the  southerly  face  of 
Stone  mountain  from  Little  Stone  gap  to  far  beyond  Pennington's  gap ; 
and  it  is  well  exposed  in  each  of  the  gaps.  The  rock  is  mostly  fine-grained 
and  compact,  with  conchoidal  fracture,  though  here  and  there  a  layer  oc- 
curs which  is  somewhat  granular.  Some  beds  contain  much  cliert  in  no- 
dules occasionally  as  large  as  an  orange.  Fossils  are  numerous,  but  for  the 
most  part  they  cannot  be  obtained  in  identifiable  condition.  ProducUu 
cora  with  an  unrecognized  Zaphrentis  was  obtained  near  the  mouth  of  Big 
Stone  gap. 

No.  18  has  been  identified  l)y  Mr.  Moore  with  the  Protean  member  or 
the  Silicious  group  of  Tennessee,  the  Knobstone  of  the  old  Kentucky  re- 
ports.    It  is  not  very  well  exposed  at  any  locality  visited  ;  but  as  far  aft* 
seen,  it  consists  of  bluish  sandstones,  weathering  reddish,  with  some  shale. 
Tiiese  sandstones  are  slightly  cjilcareous  and  some  of  them  are  true  grits.. 
No  fossils  were  seen  in  this  stratum. 

Poor  Valley  and  Poor  Valley  Ridge. 

Under  this  head  may  be  included  not  only  that  narrow  area  between 
Stone  mountain   and  the  fault  of  Poor  Valley  ridce,  but  also  the  are» 
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arovii:i<3  the  headwaters  of  the  South  Fork  of  Powell  river  and  its  tributary, 
"Wildcat  creek.  This  embraces  so  much  of  the  region  between  Stone 
mountain  and  Powell  mountain  as  is  drained  by  those  streams. 

A.t  t.he  apex  of  this  space,  where  Stone  and  Powell  mountains  come  to- 
getlier,  just  east  from  Little  Stone  gap,  one  finds  in  the  valley  only  the 
Hamilton  shales.     The  gentle  anticlinal,  in  which  the  fault  of  Poor  Valley 
ridge  originates,  soon  brings  up  the  Oriskany,  the  Lower  Helderberg,  and, 
at  a  little  way  further  west,  the  Clinton  ore  group.     The  ridge  formed  by 
the  anticlinal  and  gradually  developing  fault  is  known  here  as  Wallen's 
ridge  and  shows  the  Clinton  group  on  both  sides,  with  the  higher  groups 
at  a  little  distance  from  the  foot.    No  detailed  section  was  made  on  Pow- 
ell   mountain,  but  the  Hamilton  shales  are  at  its  base ;  higher  up  is  the 
I^vrer  Carboniferous,  forming  a  conspicuous  band  along  the  face  of  the 
naotintain ;  while  above  it  the  Quinnimont  group  extends  to  the  crest, 
wliouce  it  may  be  followed  to  the  Hunter  valley. 

-A^long  Wildcat  valley  and  the  southerly  slope  of  Wallen's  ridge.  Upper 

SiltiTian  rocks  prevail,  the  Medina  at  the  crest  of  the  ridge,  the  Clinton 

lo^r^r  down  the  slope,  while  the  Lower  Helderberg  occupies  the  valley  and 

"^'"^  and   there  reaches  some  way  up  the  side  of  the  ridge.    The  Clinton 

p^^^  are  unusually  good  here,  that  from  one  bed  showing  52  6  per  cent,  of 

'''***^    with  but  0.116  per  cent,  of  phosphorus.*     The  Lower  Helderberg 

sho^^g  i^Q  ore-horizons,  of  which  the  upper  may  belong  in  part  to  the 

^*^liany.     The  lower  horizon  has  an  unusually  good  brown  hematite,  with 

52.  ^^  pgj.  QQj^i^  of  iron  and  only  0.051  per  cent,  of  phosphorus.     The  pockets 

^^     Sood  ore  are  separated  by  stretches  of  var3'ing  length,  in  which  an 

^"c^nnous  amount  of  brown  hematite  is  seen,  but  so  mixed  with  sand  as  to 

"®     ^.Itogether  unavailable.      Beyond  all  doubt  the  higher  horizon  carries 

'*'t»ci|i  goQ^  ore,  but  the  old  workings,  whence  ore  was  obtained  for  a 

^*^-^-lan  forge,  have  been  filled  up  and  only  the  silicious  ore  is  exposed. 

-*^l3e  Helderberg  ores  of  Poor  valley  are  of  uncertain  value.  Some  fair 
^^^  occurs  at  several  miles  east  from  Big  Stone  gap,  but  the  most  of  that 
^*^  there  is  silicious  and  evidently  belongs  to  the  higher  horizon.  It  con- 
^***^  maAy  fossils  characteristic  of  the  Lower  Helderberg.  Further  west, 
^  <jre  seems  to  be  wanting,  no  evidence  of  its  presence  having  been  ob- 
'^'"^^"^d  at  any  exposure  between  Big  Stone  and  Pennington's  gap. 

"■^  Ine  best  exposure  of  the  Hamilton  shales  in  the  Poor  valley  is  at  a  mile 

^'^^^'^^  east  from  the  Big  Stone  gap,  where  the  rock  seems  to  be  thicker  than 

*^    further  west    It  is  said  to  yield  fossils  there.     The  increasing  strength 

^lie  disturbance  westward  makes  the  dip  of  these  beds  vertical  before 

'^^'^^lilng  Pennington's  gap  and  exposures  in  that  vicinity  are  not  wholly 

^^'^ factory.     The  valley  itself  is  very  narrow  until  beyond  that  gap, 

*^^^ie  It  opens  up  somewhat.    No  trace  of  Chemung  locks  were  found  in 

"Galley  and  the  Lower  Carboniferous  rests  directly  on  the  lower  black 

*°^^^8  of  the  Hamilton. 


31  analyses  in  this  memoir,  unless  otherwise  stated,  are  by  Mr.  A.  S.  Mc- 
,  chemist  to  the  Second  Gteologlcal  Survey  of  Pennsylvania. 

^^M)C.  AMSB.  PHILOfl.  80C.  SIX.  108.  2b.     pbintbd  fbbruaby  25,  1881. 
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No  itoiid  Kction  of  Ilip  ClintoD  was  obtnincH  ;  the  pnrtinl  <>ne  obUtne 
near  Big  SIodl-  f;ap  and  g[ren  in  tlio  previous  memoir  coni&lns  all  Ibe  de 
tails  yet  secured.  Tlie  ores  ot  this  group  are  ciisily  followed  along  il 
valley  nnU  ridge.  Three  beds  occur  not  fur  from  Big  8tiini<  gap,  tiui  onl] 
une  of  iheni  is  renlly  important.  Tliis,  Ma  exposed  on  tlie  Bonon  proper^ 
nt  say  u  mile  iind  a  half  from  tbe  gnp,  sLows  : 


The  lower  part  of  the  upper  layer  for.  say  30  inches,  is  a  very  fnlr  c 
thougii  inferior  to  that  from  the  lower  |)ortiun  of  the  bod.  This  ti 
middle  bed.  Tbe  upper  bed  is  shown  in  tbe  l<ank  of  Powell  river  nol 
from  the  gap,  wliere  it  is  from  5  to  8  inches  Illicit  ;  while  Ihn  Iniror  bod 
as  siiown  in  Cedar  gap,  through  Poor  Valley  ridge,  contains  Utile  aoll  B 
The  same  beds  arc  shown  in  (he  gap  of  Powell  river  tlirough  Poor  Tall 
ridge  and  some  of  Ilie  ore  IVura  that  locality  has  been  reducnl  in  Kr.  F( 
nington's  forge,  where  it  proved  good.  Mr.  PenuiogtoD  has  opened  thi 
beds  of  ore  near  his  gap.  but  of  these  only  ihs  middle  one  b  gw)d.  Th 
shows  : 

Bofl  ore 4" 

Clay 8" 

Soft  ore K" 

The  cljty  is  irregular  and  is  satd  to  disappear,  so  that  the  ore  iatot 
limes  fully  8  feet  thick.  The  upper  layer  at  this  exposure  Is  pebbly  ■ 
the  lower  layer  1b  equally  so  for  an  inch  or  two  at  the  top ;  but  Mr.  R 
DiDglon  slates  that  this  is  an  abnormal  condition  and  that  the  pebbin  i 
rarely  present.  This  ore  is  mined  to  supply  Pennington's  forge  at  whJ 
n'lnul  2IH)  pounds  of  excellent  iron  are  made  daily, 

PowH  ValUff. 

Throughout  tills  valley,  which  embraces  llie  whole  space  belweon  Vi 
Valley  ridge  and  Wallen's  ridge,  one  finds  only  forraalions  H  And  If 
The  distinction  between  the  groups  was  not  made  out  in  detail,  fflr  tl 
Structure  is  too  involved  to  be  worked  in  a  reconnaissance.  It  Is  nltOgMlM 
probable  thai  the  magnesiaU  iieds  of  tlie  Enox  group  occupy  the  e 
gide  of  the  valley  in  the  wider  parts  of  the  area.  They  lie  close  tott 
fault  in  the  Turkey  cove,  while,  nearer  Wallen's  ridgu,  the  beds  of  til 
higher  group  are  well  shown  and  yield  great  numbers  of  chnmctarlitl 
fossils,  Oood  localities  for  collectors  were  seen  along  the  road  croselD 
Wallen's  ridge  from  Turkey  coi'e,  and  along  the  Jonesvllte  nnd  G 
ville  road  in  the  cove.  The  magneslan  limestoaes  on  Elk  Knob  I 
practically  horlEontal  and  weather  inio  detached  blocks  nnd  inllnrs,  nukti 
the  long  summit  of  that  hill  a  "rock  city."  Brown  hemaiile  of  exoella 
quality  is  said  to  exisi  on  Chestnut  ridge  in  ttiis  valley  *,  and  m 
has  been  tried  with  good  results  at  Pennington's  forge. 
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Wallen's  Ridge  and  ValUy, 

At  Turkey  cove,  the  limestones  of  III  rise  high  up  on  the  side  of  WaU 
lea's  ridge,  but  the  shales  belonging  at  the  top  of  the  group  are  concealed 
alon  g  the  road  crossing  the  ridge.  Further  west,  however,  as  the  ridge  is 
pusliecl  away  toward  the  south-east,  the  limestones  reacli  only  to  its  foot  or 
to  l>ut  a  little  way  up  its  side.  The  shales  are  well  siiown  along  the  Jonee- 
Tille  and  E.«»tillville  road  as  it  winds  up  the  mountain.  They  are  dark 
and  fissile  below  but  become  somewhat  sandy  above.   Thin  irregular  bands 

of  limestone  occur,  all  of  which  are  fossiliferous.     The  thickness  of  the 

shales  is  not  far  from  700  feet. 

The  Medina  sandstone  is  reached  at  the  summit  of  the  ridge,  where,  for 
the  most  part,  it  is  fine  grained  and  compact ;  but  it  contains  some  layers 
of  sbale  and  an  occasional  bed  of  conglomerate.  Exposures  are  incom- 
plete near  the  road,  but  the  rock  forms  cliffs  at  two  or  three  miles  further 
cast.  The  thickness,  as  estimated,  is  not  far  from  350  feet.  The  Clinton 
group  is  reached  on  the  southerly  side,  where  it  is  not  well  exposed.  The 
fossil  ores  are  shown  at  several  places,  but  are  best  seen  near  the  head  of 
the  valley,  where  Mr.  Jerome  Dufl  has  explored  them  to  a  slight  extent. 
The  Lower  Helderberg  rocks  are  mostly  concealed. 

The  'Wallen  Valley  fault  passes  very  near  the  southerly  foot  of  Wallen's 
ridge,  and  is  crossed  by  the  Jonesville  road  at  perhaps  three-fourths  of  a 
mile  from  Wallen's  creek.  The  exposures  near  the  line  of  fault  are  very 
po*^,  but  they  suffice  to  show  that  the  beds  in  contact  with  those  of  the 
Lower  Helderberg  belong  near  the  top  of  the  Knox  group,  for  the  soil  has 
a  deep  red  color  and  fragments  of  chert  are  scattered  through  it.  The  first 
satisfaotory  exposures  are  those  of  the  Trenton  and  Nashville  group,  whose 
beds  are  well  shown  at  Stickleyville  and  elsewhere  along  Wallen's  creek. 
They  are  very  fossiliferous,  though  the  number  of  species  found  at  Stick- 
leyville ig  small.    The  following  were  seen  : 

Stror^uitopora  ;  OhcBUtss  petropolttana  ;  Bryozoant ;  Strophomena  alter- 
fMta;  I^ptcena  eericea ;  Orthis  testudinaria;  Orthis  occidentalis  ;  Orthis 
trieenaria  f.  The  ChmUtee  is  often  replaced  by  chert,  as  is  also  the  case  on 
the  northerly  side  of  Elk  Knob  in  Powell  valley. 

The  limestODes  of  this  group  continue  nearly  half  way  up  Powell  moun- 
tain, and,  thence  to  the  summit,  the  shales  of  the  group  are  occasionally 
BBOWn.  »p|,g  Medina  sandstone  is  reached  at  the  summit,  where  one  looks 
dowii  into  the  area  drained  by  Clinch  river. 

"^  the  Wallen  valley  fault  disappears  north-eastward,  the  outcroppings 
^'  ^pper  Silurian  on  the  southerly  slopes  of  Wallen's  ridge  and  Powell 
™*^«itain  approach  each  other ;  and  on  the  easterly  face  of  the  divide  be- 
^''^ti  Wallen's  creek  and  the  North  Fork  of  Clinch,  the  two  outcrops  seem 
^  *^ve  come* together,  as  do  the  similar  outcrops  on  Wallen's  and  Poor 
j**l^y  ridges,  where  the  fault  of  the  latter  dies  out.  No  detailed  examina- 
.  ^  of  this  diyide  was  made,  and  the  structure  was  ascertained  only  in  so 

fa— 

^  was  possible  in  passing  through  Slemp's  gap. 
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IV.  Oeolooy  op  tbe  Akea  Drained  bt  Cuxcb  Bivkb. 

Tbe  wUnle  of  this  area  lies  within  Scoit  couniy.    For  convenience  of  tie- -^ 
scripiion.  it  may  Ite  regarded  as  divided  by  llic  roml  lending  from  Bi@s> 
Stone  gup  to  tbe  mouth  of  Stock  creek.     The  easterly  division  extends,  i 
from  the  crcBt  of  Powell  mountain  to  that  of  Moccssln  ridgi-,  and  isdraiiiec=* 
by  HBVerul  streams,  to  which   refbrence  will  bo  fflnile  in  their  place ;  the 
otiicr  division  extends  wesiwsrdly  to  the  Tennessee  line  and  sonthwardJK 
from  the  crest  of  Powell  monnUin   to  CliucU  river.     Il  is  drainrf  prind— 
pally  by  Little  Slock  creek  and  the  North  Pork  of  Clincli  river. 

Th»  WenUrn  Divition. 

The  Meilina  saDdstonc  is  somewhat  imperfectly  eipoeetl  on  the  sutiraU  • 
of  Powell  mountain  along  the  Jonepville  and  Eslillville  road,  but  appears  -i 
In  cHlTsat  but  a  llitle  way  furLher  east,  lis  Junction  with  the  shales  nf  Fur- 
matioo  III  ia  well  shown  at  the  roadside,  ami  is  very  sharp,  there  being  r>o 
transition  bed.    The  Medina,  for  35  I'eet  from  the  base,  is  niaHsivc,  cruw- 
bedded,  and  not  at  all  conglomerate,  though  here  and  there  a  pcbl>1« 
appears.     Iinprossions  of  Artkropttyew.  though  not  abundant,  are  by  no 
means  rare.  Borne  imperfect  exposures  of  Clinlon  rocks  were  Been  at  about 
one-third  of  the  way  down  the  mountain  slope  and  numermis  fra^menU 
of  rossiliferous  ore  lie  scattered  in  the  n^ad  and  on  the  hillside.    Only  ons 
bed,  however,  was  found  in  place,  and  its  ore  is  highly  sllicious.     Furttier 
east  along  this  slope  of  the  mounlain,  three  beds  have  been  exposed  n 
property  lately  belonging  to  the  Kane  estate,  which  are  equivalent  loth*   i 
three  beds  ssen  In  the  Poor  Yalluy  lidge.    The  upper  one  is  very  thin,  and 
its  ore  is  Biliclous,  but  the  middle  and  lower  beds  are  of  workable  tlllcfc— 
noBB  and  their  ore  is  good,  though  evidently  aomewhal  leaner  than  U 
from  the  middle  bed  of  the  Poor  Valley  ridge, 

These  ores  extend  along  the  mountain  face  quite  to  the  head  of  th^^ 
North  Fork  of  Clinch  river,  whence  they  cross  the  divide  and  contiiiv^E= 
along  the  southerly  face  of  Wallen's  ridge  along  Wildcat  valley  ;  but  r^ 
mcHSLiremcnt  of  the  group  or  of  its  ores  was  made  in  Slump's  gap  or  ab<>~^ 
U  along  the  North  Fork  of  Clinch. 

Still  further  down  the  slope  or  very  near  the  foot  of  the  mountain  i 
the  Lower  Helderl>erg  and  tbe  Oriskitny,  beyond  which  come  the  eh&lef 
the  Hamilton.    A  small  tributary  to  the  North  Pork  of  Clinch  flows  ala»  '" 
the  foot  of  the  mountain,  and  the  road   to  Snoedville  follows  it.     ""        " 
rocks  are  exposed  along  this  stream,  and  ihc  shaled  are  reached  at  Rota^  ' 
son's  mill,  where  they  are  dipping  almost  southward  at  ft  high  angl«. 
a  little  way  below  the  mill,  the  stream  enters  a  gap  through  n 
produced  by  the  Pattonsville  fault,  and  on  the  other  side  it  joins  the  No^^*"*" 
Fork.     At  the  entrance  to  the  gap.  one  reaches  the  ooarso  sandstonfl,  a — '^^^» 
the  limestone  at  the  base  of  the  Lower  Holderberg,  both  of  whicli  hr^^*"      . 
been  pushed  to  Ti  degrees  beyond   perpendicular.     Several   exposurol 
Lower  Helderherg  rocks  occur  within  this  gap,  but  the  section  la  not  oc^^---:^ 
tinuouB. 
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On  emerging  IVoin  the  gnp  nukilc  tLroagh  this  low  rMge,  tlie  sircnin 
eaters  l)io  Nonli  Furb,  wbicb  lliero  cliiLoges  iu  course,  and  Tut  a  short  dU- 
Mnce  Sows  Irrcgitlurly  along  Ihe  strike.  Tlie  road  rullows  tbe  riglit  bnuk 
uf  tbe  Mrenm,  nod  winds  so  as  u>  be  now  in  llie  Low^r  Ilelderlwrg,  tlicn  in 
Uie  tiamiltoii  bIiuIm.  Tbe  upper  liiueBtone  of  tbe  Lower  Heldcrborg  ii 
well  exposed  at  tbe  rriadside,  not  fur  beloMr  tbe  gap,  wbere  it  imdurlics  ihe 
Oriakiuiy,  whicJi  is  ferriferous.  Tlierivercliangcsita  course  Dear  Mr.  Jrvroes 
Robiaet'B  plac«,  and  breaks  acroes  the  Hunter  Valley  fault  {Cliocb  River 
■pllfl),  wbwe  iwurse  is  marked  iij  Buckner's  ridge.  The  Hamilton  shales 
*tw  fiJrly  well  ex|Kisod  here  and  are  dark  throughout.  Those  resting  on 
^«  Oriskany  ore  rithly  carbonaceous,  and  films  of  coal  are  common  in  one 
l*yef,  which  is  nearly  IS  inches  thick. 

Ka  racks  newt>rtlian  the  Hmnillon  sliuies  are  shown  between  the  crest 
'*f  Fowell  mountain  and  Buckner's  ridge,  as  far,  at  h'ast.  as  two  milea  west 
'*^m  the  North  Fork  gap  in  Llie  tatter  ridge.  If  the  Paltonsville  fault  were 
*l^«nl,  there  would  be  ample  room  for  lliu  Lower  Carboniferous  groups, 
^hkli.  iudeed,  are  present  on  Powell  mountain  in  Ilie  other  division  of 
^Uarea.  A  maturiai  change  in  the  character  of  tliis  fault  must  take  pliice 
^  set  far  from  the  gap,  for  Prof.  Safford's  map  shows  that  the  Lower  Car- 
'^>iilfen>us  groups  are  present  at  ttie  Htate  line  boilion  the  slope  of  Powell 
i>ounta1o,  and  on  the  ridge  marked  by  the  Patlonsvillc  fault, 

Tlin  gap  of  North  Fork  of  Clinch  exhibits  the  corapiitMted  structure  of 
''he  Hunter  Valley  fault  or  Clinch  Siver  uplift.  The  pyrltoua  calcareous 
*<MvisloDts,  belonging  to  the  base  of  the  Knox  group,  form  a  bold  ridge 
^  i(h  tlie  roclta  dipping  southward  at  almost  SO  decrees  ;  but  at  Ihe  base  of 
^e  ciltr  on  the  northerly-side,  a  console rable  mass  of  limestones,  reddish 
'Ua«l  wbilc  aandalones  was  seen.  This  is  not  less  than  150  feet  thick.  Be- 
bind  it  is  an  imperfectly  exposed  interval  between  the  b»se  of  this  bluff 
■Id  the  last  exposure  of  Hamilton  shalu,  in  which  are  fragments  of  saad- 
**Oae  not  unlike  the  Orlskany.  Tliia  mass  is  covered  with  d£bri»i  and  the 
*UcoeiMioii  of  ita  beds  could  not  be  made  out.  Unsuccessful  search  was 
*'^i»dR  for  fosalls.  A.  conglomerate  of  rounded  quartx  pebbles  bound  by  red 
"^maiite  orcura  here,  and  lieara  much  resemldance  to  the  Clinton  ore  ; 
^^ilblt  laa  ferrugi nous  sandstone,  which,  when  casually  examined,  appears 
*^  1)0  an  iron  ore.  It  is,  iiowever,  merely  a  very  flne-gniined  ferruginous 
^^ndstone.  This  Is  shown  on  both  sides  of  the  gap.  ami  the  apparent 
**»»iMint  of  ore  is  'cry  great.     But  tbe  material  is  ull«riy  worthless  as  ap- 

«R  Croin  Mr.  McCreath's  analyses ;  No.  1  lieing  the  conglomerate,  and 
i  the  fermginous  sandstone. 
i  HelaUIc  iron 12.050 
[  Sulphur 0.053 
Plwaphorus 0.803 
Insoluble  residue 00.400 
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Melderbcrg,  Oriskany  and  Huiniltoa  rbuI  KohinsoD'a  mill  tin  itie  BaccdrJI] 
road,  und  the  lililc  village  ol  Puttoasvilte  stiiodB  »a  tbe  lUmiltoa  ;  but  ti 
Pattonsville  Tault  is  crossed  by  thai  rosd  imincdlntcly  hcyond  tjie  vilkj 
and  the  Lower  Ilelderherg  \a  brought  up  us  iu  the  gap  brluw  RoliinMii 
mill.  The  Oriekany  saodslone  is  reached  agnio  near  ihc  "  bottom  "i 
North  Fork  of  Clinch  and  varies  in  ciilor  from  rusty  yellow  to  dlni 
white.  The  lock  is  very  friable  and  it  must  be  somewtiut  cB]csrMin«,  I 
lliK  surfacv  iiaa  given  way  at  many  places,  ahomitig  the  pruscace  orwcn 
beuealli.  The  hills  are  covered  with  loose  reddish  yellow  auid.  licrivt 
fi'om  tills  rock.  Both  the  Lower  Helderlwrg  and  the  Oriskany  oandiitiM* 
are  ri>s8iliferoU8  but  the  fossils  are  very  otiscure.  Brown  hcmBiItR  a 
i>n  the  Pattonsville  ritlgu  und  is  coiilinwms  up  tlie  North  Pork  of  Ctlacfe 
No  analyses  of  this  ore  have  been  made,  but  the  quality  seems  lo  be  e 
The  Ilnmiilon  shales  are  continuous  to  this  wall  of  Powell  mouniata  in 
other  divtaion  of  this  area  and  are  tkirly  well  cxpiieci]  at  many  [ 
Ucre,  as  at  many  other  locBJiiies,  they  are  supposed  to  hold  foal. 

Ascending  the  North  Fork  one  reaches  the  strip  of  Lowur  Hdderiwig 
rocks  in  Slump's  gup  near  Ward's  milt,  anil  Ilie  Upjier  limeatuue  of  lb* 
gi-oup  IB  well  shown  at  but  a  little  way  above  the  mill.  Thuae  rodUn 
main  In  siglit  on  both  sides  of  the  road  until  the-  summit  between  CUadt 
and  Powell  is  reached.  The  Orishauy  was  not  seen  licre,  its  place  beJaf 
concealed. 

Returning  again  to  the  Jone^svillc  and  Estlllvillo  rood,  one  c 
Hunter  Valley  fault  and  oniers  Uuckner's  ridge  at  probably  3  mites  tna 
Pailonsville.  An  illexpiwcd  space  of  about  10  yards  eslsls  here,  Imtll 
seems  to  be  no  reason  to  suppose  that  any  rock  iowvr  than  the  UiLiUllloa 
ehule  is  brought  to  tiie  surface.     The  Robinet  "ores"  are  clearly  abwDt. 

In  Buckncr's  ridge  tlie  calcareous  saadstones  and  siliclous  timestoDMsX 
the  base  ot  the  Knox  group  have  a  dip  of  4.')  degrees,  which  soon'  decrou* 
lu  30  degrees.   Willi  these  ure  lliln  beds  of  shale,  and  tb'e  whole  th!okn««  h 
not  far  from  500  feet.     Above  this  series  are  sliales  wtlh  irregnUr  b 
impure  limestone,  in  all  aboul  1000  feel  thick.  These  are  followed  bym 
IimcstnDe,Homeof  it  dolomite,  which  extends  beyond  the  dividsnndq 
on  ihe  waters  of  Little  Stock  creek,  The  exposures  are  Indistinclbi 
divide,  until  at  some  diatanco  one  comes  to  shalea  which  bear  plow  n 
blauce  to  tbos«  which  rest  on  the  OHlcarcous  sandstones.    These  ahalM  u 
well  sliown  along  Li  illc  Stuck  creek,  which  llowa  between  tliem  wnin 
massive  mugncsian  limeslonea.    The  shaloa  are  badly  twlslod.    TIm  SfM 
noWB  tbrongh  a  tunnel  in  the  llmcatone,  which  is  not  far  from.USta 
long,  and  from  lU  to  13  feet  high. 

Few  observations  went  made  In  Big  riilge,  the  oontlnmiilcin  of  Ca|l^ 
ridge  beyond  Clincli  river.  The  rocks  are  the  same  as  those  seen  laOqifH 
ridge  and  ii  is  alcigulber  prubalile  lUat  the  re|>orla  respecting  the  oeooRUn 
of  in>n  and  manganese  ores  are  true.  One  ntay  noi  do  mnro  than  taatf^ 
the  mere  occurrence  uf  tliese  ores,  as  nothing  lHU'baeildOn»W4 
the  extent  of  Ibe  de|>osiu. 


Th*  EatUrn  DitUion. 

e  gmdim)  ilidnppeamiiCG  eiistwnnl  uf  Iho  Put  tons  vUlc  and  Wutlen  Vul- 
Hgr  IWqlU  linn  permitted  thu  rui^ntiun  of  niiidi  ouwer  rucks  un  Uio  eaftem 
llinn  on  the  western  pan.  at  Pnwcll  iiiiiiintain  .*  so  that  on  tlie  furmcr  the 
Qainnlmont  group  and  not  the  Mi'diuit  sundstonu  forms  tlie  crest  of  the 
ridge. 

Powail  mouDiaia  has  an  ahrupt  iia\K  on  the  north-westerly  side,  and  the 
fAcu  toward  Slcmp's  gnp  is  sii  al«eji  that  It  can  be  cllntbcd  only  with  gnsHl 
difficulty.  Thu  sucL-ussion  of  the  rucks  on  these  bluffs  is  dlstluct.  the 
Quianitncinl  group  furmlng  the  rim,  wtth  thu  Lower  Carboniferous,  the 
Davunlxii  and  lUo  h1);hi'r  bedsof  the  Silurian  in  order  below  It  No  de- 
tAfltiil  section  was  made  Lure,  but  the  Chemung,  if  present,  must  be  ex- 
■renicly  thin,  and  tlio  probabilities  are  altogether  in  favor  of  the  conclueion 
ItMt  It  is  wholly  wauling. 

The  Hamilton  ghalea  are  well  shown  on  the  road  rollowliig  the  font  of 
Powell  mountain  and  they  contikin  carbonaceous  bands  in  which  thin  streaks 
of  f«al  occasionally  oi^ur.  Oneof  thu»e  waaseen  at  barely  h.tlf  a  mile  below 
^*ri]'«  mill.  Tlic  Lower  Carboniferous  rocks  make  a  well  deHncd  baud, 
'Irving  round  the  end  uf  the  ridge  in  Slemp'a  gap  and  coniinujng  to  im- 
nKUiAiely  beyond  Powder  Mill  gap,  leniiinating  where  the  Hunter  Valley 
t^mA  leaves  thu  line  of  railroad.  The  Mountain  Limestone  group  is  ex- 
PiJ««t  near  the  school-house  not  far  froin  the  railroad,  where  It  contains 
P*Mrrmit»*  godonii,  ZaphrtnCU,  Prodattui  temi-rtlieul'itiu.  and  CAoaeM. 
^bc  Hamilton  shale  is  shown  between  it  and  the  calcareous  sandstone  of 
'lie  Kno\  group,  turned  U|i  by  tlie  Hunter  Valley  fault  or  Clinch  Iliver  up- 
"ft-  No  tntces  of  any  lower  rocks  were  observed  between  the  limestone 
«wi  the  line  of  fimlt. 

Tile  rucks  of  the  Knox  Rroup  form  a  sharp,  though  low  ridge,  which  ia 
''Wiiinwtus  into  Uumiell  county.  Tlie  Hunter  Valley  road  lies  behind  the 
''itlge  and  WKin  risca  upim  the  Quinnimont  rouks,  which  seem  to  be  in  con- 
•*«  with  the  beds  on  the  opposite  side  ol  the  fault.  This,  probably,  is 
"•**  Uie  case,  but  the  coat  of  diibrls  between  [be  lail  deflnilc  exposures  of 
™*  «»iiglnu:ienite  and  the  base  uf  the  sandstone  wall  is  so  thick  as  to  coq- 
<=«»1  everjtbing. 

UmJ  bluswms  have  been  seen  in  all  the  hollows  leading  from  the  northern 
"de  nt  Hunter  valley  into  Powell  uounluin.  Some  coal  has  been  obtained 
*^g  the  Laurel  Fork  of  Block  creek,  at  probably  two-thirds  of  a  mile 
'  •  valley,  but  the  gorge  is  so  close  and  rugged,  that  the  coal  can  be 
>%bt  down  only  by  packing  It  on  men's  shoulders.  In  a  l>ed  which  has 
d  along  ihe  main  stream  at  only  a  few  yartts  from  the  road,  the 
t  b  decidedly  s'md,  being  preferred  to  all  others  by  blncksuiilbs  ;  but 
d  ■■  badly  distorted  and  crushed.  It  stands  at  an  angle  of  40  degrees 
n  thickness  from  2  inches  lo  14  inches  within  a  distance  of  two 
vfeot.  The  sharp  dip  |)revalls  to  nearly  half  a  mile  from  the  valley, 
s  suddenly  and  Iwcomcs  not  more  than  Q  or  6  degrees.    At 
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say  A  mile  froio  Itie  ronii,  Mr.  Hortoa  lias  opCDCil  n  timl  on  Stuck 
where  lliu  esposure  is : 

SBDclsione , 30' 

Sljale 0' 

Coal  bad S'lor 

Cluy,  seen 0' 8" 

The  mor  is  very  insecure,  ihe  shale  being  slickeiulilcd  in  nuts,  and  t 
serious  fall  wus  seen  nt  80  feet  rrom  vhe  mouth  of  the  pit.  Tlie  cmI  i 
regular.  ihowB  do  signs  of  crushing  audi  as  tliosc  ubgorveil  in  llie  bifiba 
bed  and  is  an  excellent  fuel  fur  domestic  use.  Il  contains  a  gtwA  deaJ  tt 
pjriies  and  blacksuilchs  comiilain  that  they  need  much  biimx  wli«i 
using  this  coal.  Not  a  little  miuing  has  been  done  here  and  some  of  tli* 
coal  has  liccn  carried  to  Eelillvllle,  nearly  20  miles  sway. 

The  higher  bod  is  evidently  the  same  with  that  seen  iii  pL-nniiigtnn'gg*:; 
uniler  the  "Bee  Rock."  Its  character istics  and  those  of  Ihe  rock  abot* 
and  below  it  are  the  same  with  those  observod  in  that  gaji.  The  lonrcr  Iiq 
is  not  shown  in  the  gap  and  it  must  belong  somewhere  in  the  ill  expose 
interval,  No.  7  of  that  section,  as  bold  cliffs  of  conglomerate  were  «e« 
below  it.  The  interval  between  the  two  beds  c-innot  be  determined  nit-i 
out  carehil  Instrumental  measurement. 

The  upper  bed  lias  been  opened  by  Mr.  11.  Slooo  at  alxiut  a  mile  furvl^ 
up  Hunter  valley.     Ilis  pit  has  fbllen  in  and  the  b»I  is  concealtHl,  but 
features  as  described  by  Mr.  Stone  are  similar  to  Ilinse  observed  at  >»' 
Bailey's  pit.     Coal  blossoms  occur  at  several  places  on  Oovo  creek,  a  tr»*^*' 
tJiry  to  Clinch  river  flowing  ttom  the  valley  across  the  feult;  hnl       ■ 
attempt  has  been  made,  to  a»i»rtain  cither  tlie  thickness  or  the  quaHt; 
the  coal.     Mr.  Pinckney  Carter  hai  opened  two  beds  on  Stony  cretrk. 
upiier  of  these  is  in  nil  probaliility  tint  same  with  Ihui  i>|wiieil  by 
Bailey  and  Mr.  Stone,  and  it  is  exposed  on  Sttmy  creek  at  somewlial 
than  one-fourth  ofa  niiiu  aliove  Mr.  Carter's  house.     Il  resonibles  •  p 
rather  Ihun  a  lied  and  dips  at  somewhat  more  tliau  30  degreefl.    Tbi 
ing  extends  along  the  fhce  of  tlie  cliff  for  iiboiit  3.^  feet :  the  MOt  is  l]i» 
feet  thick  at  Ibe  thickest  pince  but  pinchea  out  on  cacli  side  la  nMhii 
More  tlian  10,000  bushels  of  eoal  are  said  to  have  lieen  t»ken  frum  t- 
oliimsy  pit  and  packed  down  a  rocky  trail  by  \\w.  diggers.     The  ooal  ts 
celient  for  blacksmiths'  use.     Anotli<<r  bed,  at  probably  SOO  feel  furtltur 
tlie  stream  calculating  In  the  direction  of  the  dip,  is  2  feet  thick.    . 
bed,  also  about  2  feet  tliick,  which  is  shown  At  say  ono-fuurtli  of  %  : 
the  left  hand  fork  of  the  creek,  has  but  an  insigniflcnnt  dip,    The 
openings  seen  along  this  stream  probably  belong  to  this  bi>d. 

Clay  iron-stone  occurs  in  modemte  quantity  in  the  sliaiy  b«U  of 
Quinnimont  group,  but  there  is  not  euougli  to  be  of  economical 


The  peculiar  structure  of  the  Hunter  Valley  fault  in  thr  viciDity  of  A 
creek  has  been  explained  in  another  part  of  tills  nicmoir.   Tha  fault  kppM^ 
to  he  simple  until  within  less  than  two  miles  of  that  creek,  and  tbu  od^ 
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ti  tA  tbo  imee  of  Ibe  Knox  wall  U  simn  HAinilton  slinte.  Rut  nt 
J*f-.  BoalwriKht'B  place  on  Slooy  creek,  lln;  Lower  (.Jftibonifcroua,  Hnniil- 
■*>■>,  Oriakuoy,  Lnwtr  HcIderbtTg  unci  Clinton  were  utl  recognised  belween 
tb^  C^ODglocneraie  and  [be  Knox  group.  These  seem  to  come  in  reversed 
^ixl^rw  already  cxplnincd. 

Ttit  exposure  on  Mr.  Bostwrigbre  proiierly  is  good.  Two  beds  of  tbe 
Clinton  ore  were  seen  Ibere,  wbicb  reprcBeni  Ihc  upper  and  midiUe  beda  or 
Vli  V  Poor  Valley  ridge.  Tbe  upper  bud  is  Hillcious  and  nn  speciftl  invcBll- 
eniiion  or  ii  was  mmle.  Tbe  other  wub  exposed  to  a  Cbictcness  of  2  Teel  for 
examination  and  ills  said  to  be  6  feet  Ibicli  in  an  excavation  now  Blled  up. 
^ut  tills  tliicknuss  it  donhtleMi  an  t;x'tgguraIion,  and  tbe  excavation  may 
l»^vo  followed  ibe  dip,  wbich  Is  abrupt.  Leptofirlia  htmitpherita  wa» 
I      Kvcogoixed  in  tbis  bed.    Tbe  ore  analyzed  by  Mr.  HcOreaili  yielded  : 

^^^L       MelAlKc  iron 43.050 

^^^H       Salphur 0.006 

^^^P       PbosphoruB 0.101 

^^*-         Insoluble  residue 31 .480 

The  Loner  [IcUlerberg  brown  bematite  is  exposed  at  Boverat  localities 
hero  on  both  sides  of  Stuny  Creek  valley.  Samples  of  tbe  ore  analyzed  by 
Mr.   JlcCroalli  sbowod  : 

Metallic  iron 41.875 

Sulphur OOaO 

Pliospbonis 0.890 

Insouble  residue  23. 200 

Rtil  U  is  clear  that  the  samples  fWiin  this  bed  are  not  altogether  fulr,  as 
*ao  3rield  in  a  forge  seeiua  to  hare  been  greater  tlmn  tbe  amoiini  of  iron 
**M»^^ii  by  nnatysis.  This  ore  was  digged  to  some  extent  Tor  use  at  ihe  forge 
^^  Stonnasin  creek  near  Eatillville;  but  tbe  diggings  were  abandoned 
^•oj  yean  ago  and  tbp  samples  were  taken  from  loose  pieces  which  had 
"*••»  weathering  for  probably  20  years.  The  llnieWone  of  tbe  Lower  Hel- 
^^^fg  la  veiy  foMlliferoiis  and  its  species  ally  it  closely  to  tbo  Delthjria 
^•'■iy  Utnestane  of  ihe  New  York  group.  Tlie  Orlskany  sandstone  is  well 
^***^ril  Bud  contains  Sli-aptorhyaehat  hippariongx. 

Then  la  lildt^  of  inieriiBl  between  the  Hunter  Valley  fault  and  Clinoh 

"*^t;     tn   doKcending   Stock   creek,   one   fiiuls  himself  constantly  iu  the 

^''^lamid  limestonoa  of  the  Kdok  group  and  the  dip  isuut  ntpld  until  near 

^~*>  rlmr.    Tito  creek  flows  through  n  great  tunnel  in  magnesian  limestone. 

***  UmcstDne  is  so  niagneslan  lliut  the  InhnbitnntB  of  the  ne1pbt>orhoi>d 

^^  it  as  a  pnrgativc  Instead  of  epsom  salts.     Midway  in  the  clitT,  which 

*Br|taiigs  Ihe  mouth  of  Iho  tunnel,  is  tbe  entrance  to  a  great  cave  which 

|*»ein!«  lo  within  n^  feet  of  the  summit  of  tbe  hill.    The  lunnol  is  500  feet 

l^^B.  ZS  feel  hipli  and  35  feet  wide.     The  surveyed  lino  of  the  Bristol 

*frfiw  Guage  ItuilrtKid  posses  tUrongti  it- 

"^w  elevated  area  known  as  Rye  cove  is  but  a  Utile  way  east  from  Slock 
There  the  dip  of  the  limestones  Is  gentle  and  the  projecting  rooks 
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interrMe  maUtriallj  with  agriculiurul  uperatluns.  Bctweoa  the  i 
8lODj  creek  mid  Qniy's  ford,  four  miles  further  up  Clinch  river, 
show  Lhat  lliey  have  dcKritwd  a  fold.  Along  Stouy  creek,  tlie  e 
BSDdHtoneA  nt  the  base  of  Ibe  Knox  group  are  showD  succeeded  ' 
aa  nenr  the  NorlU  Furk  of  Clinch  :  above  these  are  massive  mugDea 
aUintM  eonlainiiig  mach  oxide  of  iron  and  covered  wilh  a  red  so 
ks  in  so  mnay  oltaer  localities,  the  limestones  are  so  poorl;  exposed 
Btruclure  cannot  be  made  out.  Near  Itie  river,  the  sIimIcb  are  sho' 
snd  nre  Tertlcal,  giving  evidence  ol  iiaviug  Men  subjected  to  c 
pressure. 

Copptr  ridge  lies  helwcen  Clinch  rivur  und  Copp«r  creek.  It  o 
three  lutmw  ridges  formed  by  the  brancliea  of  streams,  which  flo 
ludioRlly  through  iL  The  low  divides  rjccuslonally  rentlor  this  an 
obscure,  but  such  obscurity  is  usually  of  short  oontinuance.  T 
belong  to  ibo  Knox  and  llie  TrenWin  and  Nashville  groups  of  SalTt 
sulidiviBlou  into  ridges  is  mainly  due  to  the  tliick  chertj  beds  of  I 

gPJUJI, 

A  pyriloUB  calcareous  sandstone,  holding  some  limestones,  issbo\ 
foot  of  the  ridge  along  Clincii  river.  It  bears  close  resemblani 
CBlcateous  sandstone  al  the  base  of  the  Knos  group,  so  close,  ind 
the  writer  at  one  time  believed  tlial  it  was  tlio  same  and  thai  ila 
is  duo  to  a  fault.  But  it  la  not  succeeded  by  .slialcs  such  us  are  slu 
the  Hunter  Valley  fault. 

The  dip  is  abrupt  near  Cliach  river,  but  becomes  gentler  within  t 
only  to  become  abrupt  once  more  toward  the  southerly  side  of  the 
The  cherty  rocks  of  the  Knox  group  carry  brown  hematites  and 
manganese,  of  which  fragmenis  occur  plentifully  along  the  cres 
minor  ridges.  Openings  have  been  made  at  several  places  to  sup| 
White's  forge  on  Moccasin  creek  ;  but  these  have  been  abando 
long  lime  and  only  fragments  of  the  ore  could  be  found.  The  mi 
at  some  localities  is  decidedly  good,  as  appears  from  Mr.  McOreatb 
sis  of  samples  from  the  Sailing  property,  which  is  as  follows  : 

Metallic  manganese 51.4 

Metallic  iron 0,6 

Sulphur 0,0 

Phosphorus 0-0 

Insoluble  residue 3.0 

This  ore  contains  10,141  per  cent,  of  baryta.  The  percentage  o 
ide  of  manganese  is  81.45.5. 

V.  Arba  Dhainkd  bt  the  Holstoh  Ritbr. 

No  examinations  were  made  in  this  area  west  from  the  Estilli 
Reedy  creek  road. 

The  rocks  of  Moccasin  ridge  belong  wholly  to  the  Knox  and  the 
and  Nashville  groups,  but  the  liighcr  buds  of  the  latter  group  are 
only  on  the  northerly  aide  of  Clinch  mountain.     Very  good  expi 
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li*i*.C  gri^p  and  of  the  upper  purt  of  ihe  Knoi  group  cao  be  obtaia^d  in 
«ag  rmin  Clincii  niountnin  tlirougli  BstUlviUe  and  tlienne  towards  Cop- 
p«?»"  raedk.  by  either  Uie  Rye  Cnve  or  the  Stony  Creek  road.  The  liigber 
t>«>'<~taijrtlie  (iiltuwitig  Hccliuti  were  teen  on  tlie  former  rand,  while  lliu  lower 
tteaJs  vcre  exainioed  oj)  the  latter.  Tliere  may  be  an  error  in  No.  in,  fur 
tli^t^  Ib  the  horixoo  iit  which  the  two  aeciions  were  Joined,  and  ihe  ihicli- 
*><^iB^s  of  that  mnss  mny  be  greater  itiun  h  giv<tn,  Alt  tliickni-BBes  are  based 
on  «siiumLnt,  tliu  dip  bdug  sucli  that  instrumental  nieosureuicnl  is  nectis- 
»a-*"y  for  iicciiralo  detemiinfllious : 

T^enien  and  NathtHU  Oroap. 

1.  8h«lc  and  lliin  linicstoLie 800' 

!.  Liiuestone  and  calcareous  uliale Sd' 

8.  Calcareous  shale 180' 

i.  Limestone 70' 

5.  Bhalc 05' 

6.  Umt'Stone «' 

7.  Shale 50' 

8.  Massive  limeBiones. 200' 

Snei  Oroup. 

9.  Cherly  rock  and  limestone ISO' 

10.  Limestone  and  shale 120' 

11.  Conrealed 60' 

18.  Cheriyrock 105' 

18.  Light  blue  limcetone 65' 

U.  Concealed 15' 

to,  Liraestooe.  shale  and  chert  beds 300' 

Ifl.  Variegated  shale 70' 

17.  Limestone 2G0' 

18.  Shale «0' 

10.  Limestone 200' 

80.  Bhulc. 30' 

ai.  Stiicioua  limestone 200' 

Total,  Trenion  and  Nashville,  1165' ;  EnuK  group  cxiKiscd,  1745' 
^4*0.  81  Is  exposed  along  Copper  creek,  and  is  the  rock  which,  in  liiia 
^?^*»ioir,  has  been  regarded  as  marking  llie  base  of  the  upper  division  of  the 
^^**<»i  grnnp.  The  dip  Ihronglioul  Moccasin  ridge  is  not  far  l>om  30  de- 
^^**«s.  but  the  rule  iocroases  ou  Clinch  inounlain.  lliat  at  the  base  of  No,  3 
"*='  *»g  42  degrees, 

^^4*0  continuous  ex|>o«nre  of  the  shales,  No,  1,  was  seen  ;  but,  as  far  as 
^"^w^rred  here,  the  features  are  the  same  as  on  the  northerly  side  of 
/*"^11«n'e  ridge.  Thin  limestones  were  seen,  several  of  nhicli  are  fossii- 
*I'«i-*iua,  No.  3  is  well  shown  on  the  side  of  Clinch  mountain  at  the  residence 
^'  Air,  R.  X,  Ayres,  opposite  the  village  of  BBllUville,  where  il  eongisls 
*^  liiiwstoa«,  2';  calcareous  shale,  10';  feiTUginous  slinle,  5';  limestone, 
^'-      The  ap|>rr  limestone  is  impuru.  lircgularty  ijcddcd,  and  contains  a  few 
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IomIIb  i  Iha  lower  limeitone  b  light  gray,  wealhen  blue,  it  richly  fiiMil- 
ifeions,  aodconUdDt  aome  pyritas.  Na  8  Li  thowa  atthe  tame  locafiiy*  and 
also  along  the  road  from  EsiillTllle  to  HoccMln  gap.  It  cooBifta  of  red  and 
brown  shales  on  Mr.  Ayres'  property,  more  or  lees  caksareoas,  with  aome 
beds  of  limestone,  which  become  more  important  at  the  ezpoanrea  near 
Ifooca^  creek.  Ka  4^  as  exposed  along  the  road  to  Mr.  Ayrea'  house;  is 
an  almost  continaons  mass  of  limestone,  much  of  it  in  thick  beds*  and  aome 
parts  of  it  fossiliferons.  Sereral  of  the  thldier  layers  are  streaked  with 
white  calcq[)ar.  The  color  Taries  fh>m  flesh-colcv  to  light  gray,  and  there 
are  parts  which  shoald  take  a  high  polish  and  be  Tsloable  as  marble.  Bat 
the  greater  part  of  the  mass  is  somewhat  argillaoeoaSk  and. the  weathered 
surface  shows  many  flaws  and  distinct  lamination.  The  oneqnal  composi- 
tion of  some  of  the  thick  beds  unfits  them  for  ornamental  use;  and  their 
unequal  resistance  to  the  weather  unfits  them  for  building  porpoaea.  Thla 
series  is  well  shown  along  the  foot  of  Clinch  mountain  for  many  mUea. 

No.  6  and  6  are  much  alike,  the  great  diflterence  being  in  the  nlatlv* 
quantity  of  limestone  and  shale,  limestone  predominating  in  the  lower  and 
shale  in  the  upper  bed.  The  limestone  is  more  or  less  nodular  in  both. 
This  mass  reaches  to  the  "  bottom  "  of  Little  Moccasin  creek  and  is  well 
exposed  on  Mr.  Ayres'  property.  No.  7  is  concealed  In  the  immediate 
Ticinity  of  Estillville,  but  a  roadside  exposure  shows  it  to  be  filled  with 
yellow  shale. 

No.  8  is  an  important  mass,  economically  as  well  as  stratigraphically. 
It  includes  the  marbles  of  the  series.  The  beds  are  all  massire,  from  10  to 
20  feet  thick,  and  are  separated  by  thinner  beds  of  shale.  Many  of  them 
are  finely  granular,  others  have  a  conchoidal  fracture  ;  the  colors  are  light 
gray,  dark  gray,  reddish  or  flesh -colored,  brown  and  nearly  black.  Some 
of  the  beds  are  streaked  with  white  calcspar,  others  are  fossil iferoos,  with 
the  fossils  replaced  by  calcspar,  so  that  the  rock  Is  beautifully  mottled. 
This  effect  is  most  striking  in  the  reddish  marbles,  some  of  which  are  in  no 
wise  inferior  to  the  Tennessee  marbles  used  in  the  National  Capitol.  The 
beds  are  so  thick  that  blocks  of  any  desired  size  can  be  obtained.  These 
marbles  are  well  shown  in  the  streets  of  Estillville  as  well  as  along  the 
railroad  line  for  several  miles  beyond  that  village.  They  are  well  exposed 
at  many  points  along  3Ioccasin  creek  between  Estillville  and  the  Russell 
county  line.  The  limestone  of  No.  4  becomes  more  massive  on  Moccasin 
creek  than  it  is  nearer  Estillville,  so  that,  near  the  Russell  county  line,  it 
might  be  mistaken  for  the  marble.  This  series  is  shown  in  Copper  ridge 
near  Copper  creek  and  in  Big  ridge,  beyond  Clinch  river  near  Speer's  ferry. 

No.  9  is  cherty.  The  bed  immediately  underlying  the  marbles  is  12  feet 
thick  and  contains  very  little  limestone.  The  rock  directly  under  it  is 
purer  and  has  streaks  of  calcspar  with  lumps  of  chert ;  but  the  chert  grsd- 
ually  increases  downward  until,  at  little  more  than  midway,  it  predominates. 
With  it  arc  some  beds  of  reddish  sandstone.  Toward  the  liase,  the  lime- 
stone increases.  This  mass  is  well  exposed  on  tbc  Rye  Cove  road  at  barely 
lialf  a  mile  from  Estillville  and  its  base  is  reached  at  a  few  yards  above  the 
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mill.  It  is  the  first  ore  horizon  of  the  Knox  group.  The  extensive  deposit 
of  brown  hematite  on  Col.  Shoemaker's  property  near  Estillville  evidently 
belongs  here,  as  does  also  the  fine  deposit  on  the  Bi^  Branch  of  Moccasin 
creek  at  about  8  miles  from  Estillville.  Tlie  quality  of  this  ore  is  good,  as 
appears  from  Mr.  McCreath's  analysis  of  samples  from  Col.  Shoemaker's 
property,  which  is  as  follows  : 

Metallic  iron 68.233 

Sulphur : : 0.053 

Phosphorus 0.075 

Insoluble  residue 3.840 

Ore  occurs  at  this  same  horizon  on  Copper  ridge,  having  been  opened  on 
the  McClennan  property,  near  the  Nickelsville  road. 

No.  10  is  not  fully  exposed  on  the  Rye  Cove  road  and  is  better  shown  on 
the  Stony  Creek  road.  The  limestone  beds  are  from  5  to  15  feet  thick  and 
are  separated  by  beds  of  shale  from  10  to  20  feet  thick.  Very  little  cher^ 
was  seen  here.  The  interval.  No.  11,  is  almost  wholly  concealed  on  the 
Rye  Cove  road  and  is  but  imperfectly  exposed  at  other  localities.  On  the 
former  road,  it  is  covered  with  red  soil  holding  much  jaspery  rock  and  an 
excavation  near  its  base  has  uncovered  a  thin  sillcious  bed.  At  some  im- 
perfect exposures,  seen  elsewhere,  it  contains  much  white  cherty  rock.  In 
all  probability  it  is  but  a  continuation  of  No.  12,  which  is  very  silicious 
and  cherty  in  its  upper  part ;  but  the  limestone  increases  below,  where 
chert  is  present  only  in  irregular  masses,  which  bear  much  resemblance  to 
colonies  of  Stromatopora,  Everywhere  it  shows  more  or  less  of  oxide  of 
iron  and  some  of  its  cherty  beds  are  honeycombed.  Small  pockets  of  black 
shale  were  seen  in  several  places.  This  is  the  second  ore  horizon  and  many 
tons  of  brown  hematite  have  been  taken  from  it  on  Mr.  Morrison's  proper- 
ty near  Estillville. 

No.  15  is  not  shown  in  detail  at  any  locality,  but  it  is  one  of  the  most 
important  members  of  the  group,  having  been  distinctly  recognized  at 
many  localities  along  the  summit  of  Moccasin  ridge  and  along  the  middle 
and  northern  lines  of  summits  in  Copper  ridge.  For  50  or  60  feet,  it  is  a 
silicious  limestone,  more  or  less  ferruginous  and  cherty,  which  passes 
downward  into  a  cherty  rock  resembling  those  already  described  and  con- 
taining numerous  thin  beds  of  light  gray  sandstone.  Below  the  middle  a 
tifcht  blue  limestone  occurs,  which  weathers  dirty  white,  and  is  perbistent, 
having  been  observed  at  many  places  on  both  Moccasin  and  Copper  ridges. 
Toward  the  base  the  mass  becomes  more  and  more  calcareous  until  it  passes 
finally  into  a  coarsely  granular  massive  limestone.  The  cherty  beds  are 
the  horizon  at  which  some  of  the  most  important  ore  deposits  occur,  brown 
hematite  having  been  obtained  at  Mr.  Poston's,  in  Moccasin  ridge  near 
Estillville,  as  well  as  at  several  other  localities  along  that  ridge  ;  while  on 
Copper  ridge,  extensive  digging  has  been  done  at  four  places  and  fine 
bloeeoms  were  seen  at  many  others.  Oxide  of  manganese  occurs  here  at 
ooe  locality  on  Moccasin  ridge  and  at  two  on  Copper  ridge.  The  manganese 
underlies  the  iron. 
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The  limestones  nf  No.  IT  lire  well  shown  only  on  llie  northerly  side  of 
MiM«asin  ridge  Hlong  the  Stony  creek  ro«d  na  it  dcscendg  to  Cojipcr  cn*k. 
Tliey  viiry  from  Haggy  to  maaaive,  froni  Bilicioiis  lo  very  ptire,  and  for  ihc 
most  pun  are  gniy.  Balls  of  chitrt  were  setin  In  some  of  Die  beds.  N<<». 
16,  30  and  SI,  nre  pncticiilly  one.  Tlie  upper  part  is  massive  and  a  tUrly 
gtXKl  liinefltone  ;  it  contniaa  some  fossils  hut  tliey  nrc  indistinct.  FurtliuT 
dnwn,  the  rock  liecitmes  flaggy  or  thinner  bedded  and  Ihc  bUIcu  incrraMS, 
until  llm  whole  is  little  more  thun  calcareous  sandalnoc.  Pyrites  begiiu 
near  the  bollom  of  No.  19  and  increaseB  to  the  bottom  of  Ko.  31.  Tii'm 
rock  Ixxirs  remarkably  close  resemhlanci:  lo  that  wbicli  lies  nt  Ibo  bow  i>f 
Uie  Knox  group  along  ilie  line  of  the  Hunter  Valley  fault. 

CUneh  wrtunMin  ia  n  bold  rugged  ridge,  very  narrow,  and  ahowioj;  a 
sharply  serrate  crest.  For  nearly  BO  miles  it  has  but  one  water  gap,  and 
lu  slopes  are  so  sleep  that  no  wagon  road  priBses  over  It  within  Scott 
county,  white  trails  for  riding  animals  are  few  and  difficult. 

The  IVIedina  sandstone  is  reached  at  the  summit  of  the  niounl^iin.  and  fnt 
a  long  distance  forms  the  southerly  slope,  the  newer  rocks  being  fuilDi) 
only  near  itx  foot.  It  is  exposed  Imiierfcotly  in  Moccasin  gap,  but  lis  onni' 
position  Is  shown  lliere  belter  than  at  any  oilier  locality  within  Seott 
county.    The  succession  as  there  observed  is  as  follows  : 

1.  Hasaive  sandstone,  much  of  it  conglomerate,  dark  gmy 

lo  almost  milk  white 

3.  Massive  sandstone,  almost  like  quartzite,  no  grains 
shown  on  wpiithered  B|iecimens ;  weathered  sur- 
face it  rongb  and  jagged  :  color  on  fresh  surface, 
bluish  wliite 150' 

3.  Concealed,  but  evidently  containing  some  shale  as 

well  as  sdtne  white  sandstone SO' 

4.  Like  No.  i  except  that  in  some  portions  the  surface  of 

weathered  specitoens  glistens,  while  the  other 
always  shows  a  dead  white  surface ;  weathered 
surface  irregular SO* 

Total SIS' 

In  many  respects,  this  rock  bears  much  resemblance  U>  the  silidoDsh^^^ 
of  the  Knox  group ;  so  much,  indeed,  that  one  would  And  difficulty  sott^^ 
times  in  deciding  the  relations  of  a  hand  specimen. 

Immediately  above  No.  1  of  the  section,  there  is  in  the  gap  a  hard  flln*^ 
rock  belonging,  in  all  probability,  to  the  Lower  Helderberg.  It  is  irreg^*-^ 
larly  bedded,  loaded  with  oside  of  iron,  contains  no  fossils,  and  is  not  mo^^ 
than  15  or  20  feet  thick.  Above  this  come  the  Hamilton  shales.  'It-* 
Clinton  group  and  the  Orlskany  sandstone  are  evidently  absent,  ___ 

The  Medina  carries  a  brown  hematite  which  has  been  examined  at  8,  -^^ 
and  14  miles  east  from  Moccasin  gap.  Samples  taken  fi'om  Hr.  Ayr^^^ 
property  at  8  miles  above  the  gap  were  analyzed  by  Mr.  UcCreatb,  vi-  "^ 
the  following  results  : 
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Hetallicirua 48,835 

Sulphur, - 0.0a» 

Phrwplionm 0,920 

iDMluhle  residue 19,910 

>re  fnnn  &iioth<^r  localliy  was  miDed  Tor  While's  forge  on  Moccasin 
ek,  and  It  h  said  by  Hr.  White  lo  Imve  proved  even  better  tlmn  llie  ores 
a  MoccaslD  ridge, 
e  Lower  Hciderbiarg  is  fuirly  well  siiowu  at  Utile  more  than  2  miles 
C  from  Moccasin  gap,  wlicre  a  fine  grained  SHiidstooe.  almost  a  true  grit, 
a  lliB  Ueilina  conglomorate.  It  contains  many  fossilB,  mosiiy  indis- 
*t«ict,  among  wliiclt  are  Spiriffr  and  Plalyeera.-.,  nearly  allied  to  Lower 
M  elderberg  Torms,  TUis  rock  sliows  no  traces  of  iron  ore,  but  immediately 
^l>^ve  It  is  a  rossilirerous  brown  hematite,  whieh  has  evidently  replaced  a 
H  ED«!*toQe  bed.  The  ore  is  bulky,  and  consists  chiefly  of  casts  of  a  PHBonite*. 
"Vwliich  is  somcwiiat  coarser  than  F'IBO*'I$ii  Mderbtrgis',  and  resembles  more 
■fc  (!arin  occurring  in  the  Coniferoua.  A  cyalhophylloid  coral  was  obtained 
Orv*wn  the  ore,  but  it  bas  been  mlBplacei).     No  other  es|)osure  was  (bund. 

Tbe  Hamilton  shales  are  ex[)osed  at  Ihe  mouth  of  Moccasin  gap  and 
&S>^nco  to  a  cimaideralile  distance  up  Ibe  side  of  Briinhy  mounluin.  Above 
H><MB«  are  the  Cliemung  sandstoncB,  containing  Spirophgloa  and  S]iirifera 
^^■£»^-*tneta,  and  forming  the  crest  of  Brushy  ridge,  the  first  ridge  nf  Brushy 
■'AotiDtaia.  The  second  ridge  of  that  mountain  is  made  up  of  Lower  Car- 
bora  i  fcrou  a  rocks,  which  continue  along  the  Keedy  creek  road,  to  siky  a  mile 
••^ ytind  Ibe  North  Fork  of  Hrdston  river.  They  describe  a  synclinal  at  the 
*"*  ^^■J  r.  The  almtiuenis  of  the  river  bridge  were  coasinicted  of  rock  from 
*>«»^  of  the  higher  limestones,  which  is  composed  almost  wholly  of  Fcne- 
■*«'*«j.  The  highest  bods  of  the  Lower  Carboniferous  are  mostly  bluish 
S*^  t.s,  with  some  iiapure  limestones,  and  are  well  ex|M)sed  along  the  road 
*•*     It  follows  a  little  mvine  beyond  the  Holslon  river. 

T*lie  (ikult  of  North  Fork  of  Holslon  Is  reached  along  this  road  at  about  a 

■***l^  frnm  iberiveror  near  the  hciutofthe  narrow  gap  jusl  referred  to.  This 

**!*!  i  f\  liringB  the  liiiiesloDeB  and  cherts  of  the  Kno.x  group  again  to  the  sur. 

••^^   and  these  conllnoe  as  the  surface  rocks  to  the  Tennessee  line.     Their 

^*-*-iirc»  are  the  same  as  on  Moccasin  ridge, 

■A,  ■■  [vjor  valley  "  between  Clinch  mountain  and  the  first  ridge  of  Brushy 
•**0«nl«in,  eKtends  from  the  Tennessee  line  lo  far  beyond  the  limits  of  this 
***:*» nnainsawe  in  Washington  county.  The  Hamilton  shales  are  exposed 
^^  kxaaiiy  localities  in  it,  but  the  succession  of  the  group  is  obtained  best 
y  ^jing  the  partial  section  made  in  Moccasin  gap  to  that  made  along  the 
'^i  1  maJ  grade  between  Mendoln  and  the  North  Pork  of  Holstr)n.  The  es- 
'***»» leil  ihicknesBcs  are  as  follows  ; 
1.  Dark  anndy  shale,  fossil!  feroua,  shown  in  the  railroad 


.  lao' 


%.  Yellow  to  ash  colored  shales,  mostly  well  expoipd  in 
the  rnliroad  excavations,  but  the  base  seen  only  on 
the  Abingdon  road  between  Hendota  and  Moc- 
casin gap;  dip  45  to  50  degrees 


8.  Dwk  A  hatot  wlUi  thin  bedi  of  wnrittooe,  p«irUal 
eiio.  Ixttwcen  Mcniloln  aud  Hi>ccasln  Hap, 
bull  aWD  in  Uie gup IM' 

Totiii SSIK 

The  snndstono  beds  In  No-SaroRne  gnUnei).  very  wliltaatidprnveiob*^^^^^ 
excellent  firMiono.  These  arc  shown  In  Ibe  Alriogjiio  rond  ut  HCvcnl  hml  ^ 

ttee  between  Mcndoln  nnd  Mocosiln  gup.  hs  wcI)  as  JusI  below  Ibe  inont  ' 

irf  Ibe  gap.  Much  of  this  lUBterial  waa  usc<i  for  lining  Bt  Bualiung'*  Tn^^^^^ 
Sftce,  40  niilea  away  in  Tenncasc«,  to  wliicb  1i  was  carried  by  wftgffn.  Th  -^ 
■bales  are  very  dark,  and  at  many  locaUUes  »tong  the  fool  ofCllneb  nuwii^i^^" 
bttn  they  are  as  badly  n>rink1ei)  m  mica  ecliitt.  but  they  bIiow  no  oviileno^^^^ 

of  metamorphlsm      Two  thin  beds  of  litghlr  carbonat^wxtn  sh'nlF  iicirur  % "^M 

Ule  base  of  thU  group,  wbicb  linvc  been  mi)  a  at  «cvcnl  plATfs  for  fOfi^^C  — 
They  contatia  enough  curbonncooua  matter  to  ourn  and  M>D)elSu)us  the  ~^w* 
yield  a  piece  of  fairly  good  eoai. 

The  Cbemung  rocks  are  shown  in  all  the  ravines  cnnilng  tliu  first  ridgr-^^^M 
of  Brushy  niounlnin.  An  excellent  exposure  is  affordrd  liy  the  railroad  e>^c    — 
cavntion  near  the  North  Fork  of  Holston  river,  wheriiihe  group  in  represen  -^f — 
ed  by  ahnles  and  sandstone,  mostly  brownish  gray  and  not  flir  IVom  900  fe^^r-  ^ 
thick-    A  conglouiorale  layer,  4  lo  S  inches  thiek.  was  seen  very  ocMr  iti^  ^^ 
top  and  another  uf  about  the  same  thickncsa  nt  20  feet  ttitrcr.    Fussi'W  ^^ 
Were  found  immediately  alwve  the  upper  layer  as  well  as  at  10  fbet  Wlo-^w**"" 
It:  among  these  are  Spiriftra  ditjuntta,  AtTjfpa  a*ptra  and  a  Chentie.^ - 
For  the  roost  part  the  specimens  are  badly  preserved,  as  the  la^en  E-  '^ 
which  they  occur  are  ferruBinous  grits  and  llio  foasiU  ore  recognitnhJe  onl  j^ 
on  the  wca'bered  surface.  Spiriftra  rffrfimeto  and  ProditettlUt  hegdiivier^ 
fotiml  on  fm^ments  of  sandslone  belonging  midway  in  the  group,  and    ^ 
BpjJ'if^h^luii  tuit-ii  ijiaiiy  laj'iTi  jjuur  l\iu  biLac. 

The  Chemung  is  succeeded  by  the  lower  member  of  the  slllelaiii  grtop  ^^^ 
the  Lower  Carbon iferoua.  The  two  groups  are  conformable,  uid  ttaeJlIli"C' 
tlon  is  welt  shown  In  t)ie  railroad  cut. 

A  good  aeciiiin  of  the  Lower  Carboniferous  was  obtained  betirea  (bH 

point  and  the  Uolston  fault  by  following  the  railroad  line.  It  ia  u  ftltoir*  • 

Mountain  Limtttone  Group. 

1.  Sandslones,  limestones  and  shales. 80(K 

3.  Calcareous  shales SO'    '       .' 

3.  Concealed W     ' 

4.  Calcareous  shale WV 

5.  Limestone lOS' 

«.  Imperfectly  exposed tStf      "  " 

7.  Limestone IP 

8.  Shales W 

9.  Llmestooe Vf 

10.  Sbale,  imperfectly  exposed W 

11.  Limestmie IP 


[Stevenson. 

!.  8I«le 80' 

I.  LimiMoDe 5' 

L  Sliale 7.V 

i.  Limettoae 20' 

I-  Sbalo 150' 

K  LtmMloDe 5' 

I.  Blwle 60' 

f.  LlmesUme 80' 

I,  ArgillaceouB  Ifmeslonc 60' 

i    OmnDkr  to  Hrgillnceous  limcBtone 100' 

I.  ArgillHceoua  timeBlono SS' 

I.  Cunfcaled 25' 

\.  Qnuiular  limeslooe 80' 

k  Qnnuluf  llniMlone 2^ 

SUieiotu  Group, 

k  Cherly  limeBione 70' 

[.  Oninuliir  limcatone 35' 

I.  Oh«ny  maBsive  lIiaeBioae 6-')' 

I.  Concealed 10' 

).  Limostone 80' 

I.  Concenleil M' 

I.  Uinestooe  nnd  shale 40' 

I.  MuMive  limratone 12S' 

I  81ial«B  sad  ih'm  IlmiKtanea 90' 

i.  Ltmittone 80' 

I.  Cslcarouus  elittle SS' 

r.  Limmtutie 23' 

I.  Slwlea,  nandstonea  and  calcareous  grits. 100' 

TotMl.  Mounlain  Limestone  group,  3370'  ;  Silicious  group.  75S' 
Tboe  thlcknFsaeH  tire  nil  esliniiiled,  except  those  from  Ni).  7  lo  No.  15. 
"«■  I  wasacen  in  I  he  gorge  of  Wolf  creek  ;  Nob.  2  to  20  inclusive  wens 
^^^'^iMned  along  Abralinm  creek;  Nus.  31  lo  80  Inclusive  are  ei|H«ed  in 
**««  river  Muff  below  the  milrond  bridge  ;  and  Nob.  31  to  36  ore  shown  la 
**•>  t^lrokd  excttvaticins  nloog  th<;  river  bank. 

^o.  1  shows  much  the  gams  fciiturea  as  in  Pennington's  gnp,  as  well  a9 
**1^  Ilie  fuul  leading  aoulli'east  rn)m  Moccasin  g&p.  Its  bnse  is  reiiched 
**  *he  forks  of  Abmham's  creek,  at  say  one  mile  from  the  North  Fork  of 
""Ulnu  river.  This  mass  forms  the  left  hand  wall  of  Wolf  Creek  gorge, 
,  '^igh  which  the  railroftd  passes  for  scvcml  miles.  Here,  doubtless,  a 
^••iltd  sc^.tlon  could  lie  obtained,  but  tlio  wall  is  very  sleep  and  its  aacunt 
'^"«Ul  be  Nttcuded  with  danger.  The  greater  part  of  ihs  n>ck  is  a  more  or 
If*  fwmiglDOUS  calcareous  grit,  much  of  which  is  dark  blue  on  Ihe  fresh 
c :  bat  the  Iron  and  lime  are  easily  lenchctl  oul,  so  Ihat,  on  exposure, 
depllt  of  several  inches,  iikime  iiortions 
Kt  u  to  be  St  far  griadstones  ;  these  arc 
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well  sliown  on  a  fork  of  Wolf  creuk,  known  BaWTietslono  bollov. 
of  tlie  beds  are  fossil ifenius.  but  ooihing  can  !«  ohuined  tram 
piece,  while  lliewealheredBpecimensare  BO  tender  IhtttapocimenBwe 
la  the  eSbrt  to  free  them  from  the  rock.  Huge  elcins  of  crinoldt 
indistinct  BpecimenB  of  ChnneUt  were  seen.  The  Kiui-Btouea  are  I 
argilluceous  niid  non •  fossil iferuua.  Tlio  shHlca  arc  usuitlly  mil 
the;  form  oa\y  a  small  part  of  the  mass.  No  massivo  sanilsiODo 
served  here  such  as  was  seen  in  Pennington's  and  Big  Stone  gap*. 

No3,  3,  3  aod  4  probably  should  bo  accounted  as  part  of  No.  I, 
slialee,  for  the  most  pari,  are  calcareous  and  resemble  aomc  Ion 
mure  thnn  they  do  those  of  Wolf  creek.  The  shales,  Nos.  8.  10, 
18  and  19  are  light  blue  to  reddish  blue  on  the  fresh  aurhce  and 
a  dirty  or  muddy  yellow.  A.  fresh  edge  seldom  shows  laminaUim, 
weathered  surface  showa  it  distinctly.  These  beds  are'  genetmlljr 
pus«d  io  the  bed  of  Abraham's  creek,  along  side  of  which  llie 
grade  runs.  Poasils  oi'Cur  rarely  in  Ihesu  ahales.  and  the  only  dlsti 
able  specimens  seen  lieltinged  to  a  hioat)  form  of  Spirifcra  UidgL       '< 

The  liincBiune,  No.  fi,  well  exposed  at  the  roadside  and  in  \\a»  hUtai 
a  liitle  way  belo*  the  mouth  of  Wolf  creek,  is  blue,  but  weathers  yell 
while:  it  is  composed  chiefly  of  a  Fintttella,  but  some  laye»lia*«1 
speHmenB  of  Atliyri*  and  Produetui.  Nos,  7  and  lli,  biitk  of  wbii 
well  shonn  in  the  creek  bed  as  well  as  in  the  hill.  haTeasimllarorigll 
the  Fintilclla  is  distinctly  shown  throughout  with  only  a  rare  Aw 
and  ZaphrenCit.  Tbcsc  two  beds  are  exceedingly  bard.  No.  IS  i*  th^ 
with  that  of  which  the  bridge  aliutmenls  for  the  Reedy  Creek  roa^i 
constructed  at  the  North  Fork  of  Hol8f>n  river. 

No.  6  continues  from  Mr.  Kaylor's  residence  on  Abriliam's  creek  [ 
the  Btream  almost  to  his  mill,  at  probably  two  thirds  of  a  mllu  tn 
river.  It  has  more  than  one  bed  of  llmestoue  and  is  closed  bj  a  (BUI 
at  the  top.  Below  this  interval,  thcsection  is  almost  continuous  to  tl) 
of  Ibe  series.  No.  0  Is  shown  at  the  mill;  it  varies  frdtn  light  todaC 
cr  almost  black,  and  shows  many  stems  of  crinoUls.  with  AbmUIU 
Spirifarina  closely  allied  to  3.  kentuekeTUu.  No.  1 1  is  a  liandswM 
blue  limestone  and  contains  Athyri*  tubquudrata,  FroduetM  mh 
crinold  stems,  which  occur  also  in  Nos,  IT  and  19.  No.  21  is  an  lui|l 
betl,  which  1b  shown  at  ihe  mouth  of  Abnihani's  creek  and  fbrnw  K 
biuid  on  the  clitT  around  the  bend  of  the  river  below  Ihe  railrwd  I 
For  the  most  part,  it  is  coarsely  granular  and  dark  gray,  liut  Itn 
tome  MreillaceouB  layers  and  becomes  a  blue  grit  Dear  tbo  baae.  U 
an  ndmlntbte  hulldiiitc  stone,  of  which  the  britlgK  abiilmonta  and  {^ 
been  eiiRstrncied.  The  rock  is  very  pure  and  burns  into  »  iMM 
white  lime,  which  shows  no  trace  of  inm  when  elnkml. 

N".  33  Is  argillaceous  and  its  fmgmeuH  cover  ibe  narrow  bank  \»M 
liridge.  This  is  hy  far  Ihe  roost  fossil iff^rnus  bixl  of  the  whoti:  scrlcSi 
4urlTu  earn,  Produetu*  eUgatui,  Athprii  mb^aairata.  ^irifitt. 
Btmipronitti  erniiu;  Pinita  and  AHoritma  baring 
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smckll  block.     Perhaps  this  should  include  also  the  concealed  interval 
tielo^  it. 

^9^08.  24  and  25  are  very  similar  to  No.  21 ;  they  are  granular,  and 

Ko.     ^a  is  massive.    No.  25  is  more  or  less  flaggy,  and  passes  into  a  hard, 

-bedded  calcareous  grit,  which  contains  not  a  little  chert. 

limits  of  the  two  groups  are  very  distinct,  and  only  a  few  feet  at  the 

of  No.  25  mark  the  transhion.     Below  that  line,  chert  is  present  in 

•H  y  every  bed.    Nos.  26,  27  and  28  are   alike,  except  that  very  little 

occurs  in  No.  27.    Many  layers  of  No.  26  arc  crowded  with  bryo- 

and  the  smaller  nodules  of  chert  are  casts  of  Productus.    Crinoid 

are  abundant  in  No.  28,  which  is  massive  and  cherty  throughout. 

is  well  exposed  in  the  railroad  excavation  :  its  higher  beds  are  dark 

streaked  with  white  calcspar  and  contain  much  chert,  some  of  which 

nly  has  replaced  a  OfuBUtesAlke  form.    Fossils  occur  in  the  highest 

where  sections  of  ProductuSf  Athj/ris  and  PUurotomaria  f  are  abun- 

,  the  lower  beds  are  massive^  almost  black,  and  show  only  minute 

3.    No.  85  is  very  cherty  in  its  upper  and  massive  layers,  but  the 

r  layers  are  somewhat  flaggy,  show  little  chert,  and  are  crowded  with 

«d  fossils,  chiefly  Hemipronites  and  Athyris.     No.  37  is  flesh  colored 

Mitblue,  and  is  well  exposed  at  the  mouth  of  a  hollow  nearly  half  a 

rrom  the  bridge  over  North  Fork  of  Holston.     There  it  describes  a 

sbrupt  anticlinal,  which  is  nicely  shown  in  the  railroad  side-cutting. 

^d  is  the  base  of  the  upper  member  of  the  Silicious  group. 

•    88  is  the  Protean  member  of  the  Silicious  group.     It  is  not  fully 
as  the  little  hollow,  already  referred  to,  intervenes  between  the 
last  ^  .sicposure  of  the  limestone  and  the  first  exposure  of  this  mass,  the  con- 
ceal&c^  interval  being  perhaps  85  or  40  feet.    But  under  the  petty  anticlinal, 
the  r»  ^:»per  part  of  No.  88  is  shown  within  5  feet  of  the  limestone,  the  inter- 
nal ^^ing  filled  with  some  drab  clay,  which  may  belong  with  either  No.  37 
^^  N'<:^^  33^  Tlje  upper  part  of  No.  88,  as  far  as  seen,  is  a  fine-grained  sandstone 
"With    Smooth  fhicture,  but  this  passes  downward  into  shales  containing  a 
*^^  ^^'  ■  liich  is  highly  carbonaceous.  The  rocks  below  are  fine-grained  sandy 
sbal&JSft    ^Ijj  [^^g  of  blue  calcareous  sandstone  or  grit,  very  fine-grained  and 
breal^;  ^^  j^g  ^^^  irregular  fracture.     These  are  very  similar  to  the  beds  «een 
in  N^^^  I  of  (liQ  section.   It  is  possible  that  coal  occurs  in  the  concealed  part 
^f  "^^  ^  mass,  for  a  coal  bed  is  said  to  be  present  under  the  river  directly  oppo- 
®^®  t*^  «  mouth  of  the  little  hollow.     The  only  fossil  seen  in  these  rocks  was 
•  "*^S"*Tient,  which  probably  belongs  to  Leiorhynehus. 

*"^^^«e  beds  rest  coraformably  on  the  Chemung,  as  already  stated. 

*  ^^^  dip  of  the  rocks  varies.  In  No.  35  it  is  nearly  20  degrees ;  in  No.  25  it 

Is  83^  <i  ^jgrees  and  the  strike  is  N.  60°  E.  mag. ;  but  here  the  rate  increases, 

*^"  *  ^^    No.  24  it  becomes  40  degrees,  which  is  the  prevailing  rate  of  dip  up  to 

'^*^"*^  ^^  800  yards  of  the  mouth  of  Wolf  creek,  beyond  which  no  measure- 

men^,^    were  made.    It  is  not  at  all  improbable  that  a  fragment  of  the 

Q^*^*^imont  group  remains  on  the  high  land  between  Abraham's  creek 

•»^  'VVolf  creek. 
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The  Holston  uplift  is  reached  at  the  summit  betweeo  Wolf  creek,  Noith 
Branch,  and  the  "  rich  valley  "  of  Abraham's  creek.  There,  one  cornea  to 
the  limestones  of  the  Knox  group,  in  contact  with  the  highest  rocks  of  the 
mountain  limestone  group,  and  two  n)iles  further  along  the  railroad 
line  the  cherty  beds  tif  the  Knox  group  are  exposed.  These  are  shown 
very  near  to  Walker's  mountain  at  a  cross-road,  where  the  soil  is  very  fer- 
ruginous. The  limestones  of  the  overlying  group  are  shown  at  but  a  Uttla 
way  from  the  gap  by  which  the  railroad  passes  through  Walker's  mountain. 

A  well-marked  fault  was  crossed  just  behind  Walker's  mountain  at  soma- 
what  more  than  four  miles  from  Bristol,  where  the  pyritous  calcareous 
sandstones  of  the  Knox  group  are  shown  in  the  gap  through  that  ridge. 
The  dip  is  abrupt  at  the  head  of  the  gap  and  increases  to  the  mouth,  where 
it  becomes  nearly  50  degrees,  and  the  shaly  layers  are  badly  twisted.  Sx- 
posures  are  very  obscure  between  this  localit}'  and  Bristol,  where  the  line 
of  section  terminated  ;  but  the  limestones  of  the  Knox  group  are  shown 
here  and  there,  and  the  cherty  beds  of  that  group  pass  very  near  to  Bristd. 


Phoiodynamie  Notes.    By  Pliny  Earle  Chase,  LL.D. 
{Read  before  the  American  Philosophical  Society,'  January  21,  1881.) 

1.  Chemical  Synchronism. 

3Iaxwell*  appears  to  have  originated  the  theory,  which  is  now  generally 
accepted,  of  the  equality  of  mcaiit?t«  viva  in  the  molecular  movements  of  dif* 
ferent  gases,  at  equal  temperatures.  In  1863,  I  began  to  investigate  some o 
the  consequences  ot  the  theory,  and  the  many  evidences  which  I  have  ad- 
duced, of  cyclical  and  harmonic  vibrations  in  atmospheric  and  ffitliereal 
media,f  have  more  than  justified  my  belief  of  its  imix)rtance. 

All  harmonies  in  elastic  media  necessarily  involve  some  form  of  syn- 
chronism, and  the  progress  of  chemical  physics  may  be  helped  by  a  knowl- 
edge of  the  general  kinetic  laws  upon  which  such  synchronism  dej^ends. 
If  we  designate  velocity  by  v;  density,  by  d;  tiuic  of  rotation,  by  t;  modu- 
lus, by  h;  absolute  temperature,  by  T;  and  the  acceleration  of  a  central 
force,  by/,  Maxwell's  theory  may  be  represented  by  the  equation  r'd  = 

ft 
k  T.     In  the  fundamental  equations  of  cent  ml  force  t'  =  ,/  =  ^  yJ^' 

fO  .  , 

h  =   r.    When  the  efficient  or  fundamental  velocity  is  constant,  as  in  spatial 

Photodynamics,  /  oc  -oc      oc  --oc  -;  ^cx  h  oc  \Aocroc--;  hocrcc 

'        t        h        t'       r  >y  / 

-OC  fC'  oc  t.     Whenever  we  have  occasion  to  consider  derivative  or  second- 
/ 

•P.  MaR.,l.S60f4i,  19,  10. 

tProc.  Amer.  Phil.  Soc,  ix,  l»4-7;  xvii,  109-12,  294-307;  xvUl,  224-32;  xlx, 
20-o;  et  al. 
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•ty  TcIociliM.  ibe  equtviUins  of  varintion,  for  any  lempnrary  constancy  of 
Tf  K  Aorr.  can  bereadily  ruund.  In  the  inreati gallon  of  spectriil  linos, 
clienilriil  alomicities.  and  gonemi  klnclic  plienomenB,  Iwitli  cosniical  itnd 
moKvular,  ilic  conslderatluu  of/as  a  msximuni  oilen  becomes  eapuukliy 

l«»portanL     Then  It  la  evident  that/ a   (~  =  r  d)  ;  £  a  -»,' -  oc  -*1  '   ; 

t^«  llmiiing  time,  tlierefore,  beC'^niea  independent  of  distance,  aou  in  merely 
A  funcllonnf  doDsiiy.  In  other  worJs,  inn  homagtntoun  meiUum,  all  analo- 
ffoum  DMtioiM  whiea  are  due  to  Ih4  aceettrationi  of  a  ernlrai  foree,  whether 
*>i^  foUHioit,  tibration  or  Crantlatton,  are  tgttchro'Mii'.  In  wbaleTer  way 
t,laase  motions  may  be  aflecied  by  atomic,  or  molecular  roialion,  eoc  r,  wiib- 
out  mny  tendency  to  the  produciion  orinternal  disturbance.  All  cyclical  huc- 
■•>oi)tes  and  defurmationa  must,  lUererore,  be  due  to  elasLicity,  or  some 
oKber  form  of  iranalatory  interaction.  In  consequence  of  tile  proportional- 
ity nfrolaUng  vulocUy  lo  the  distance  from  the  centre  of  miallun,  It  be- 
comes p»»alble  to  combi no  chemical  elemcDls  ortlie  inoal  various  densities; 
C<»r,  while  Uiore  is  perfect  sj'nchroniaui  In  Ibe  normal  oscillations  of  escL 
oF  (he  elements  respectively,  the  atoms  may  intersect  with  radii  whlcb  give 
*lit<m  equal  rcl<x;itiee  of  ro'alion  at  tbe  locus  of  intersection,  so  as  to  pro- 
dace  secundary  and  snliordinale  synchronisms,  such  as  are  indicated  by  the 
li^rtnouies  of  spectral  linca,  especially  in  Lockyor's  "  basic  lines  "•  and  in 
'Uc  lines  ol  the  widely  diffnaed  and  imporianl  elomenta,  Onygen  and 
Kydrugeji.f  As  an  illustration  of  tbe  harmoniea  of  independent  and  com- 
btocd  kynclimnism.  we  may  tahe  the  three  atoms,  H,  O,  condensed  into 
'^'o  atoms  of  watery  vspor.  In  rotation,  induced,  either  directly  or  re- 
•■•OUsly,  by  tbe  (\tndamenlal  efflcionl  velocity  of  liglit,  we  have  aeen  that 

A  -r""*'  "  ^    7     ;    therefore  rf e"  Is  eonslant,  in  each  of  tbe  elements. 


r\  =  3  n,  O  f  J 


IB  with  ( 


e  of  H  and  three  of 


»»»d  ij,  iiie  compound,  e.  g. : 

*>    (<I^10;  Bcc  J) +3  H  (i^li  B 

*■*••*    four  osf^iltations  of  O  are  synchm 
S.  O, 

^Ucb  varied  evidences  of  syncbninism,  both  o  prion' and  apoiteriori,  may 
*«>H  encourage  s|>ecia lists,  in  all  deimrtmunis  of  physical  selence,  lo  seek 
^'  barinunies,  under  the  guidance  of  tbe  "scientiHc  uae  of  tbe  imai^ina- 
**■>-•*  We  maybe  assured  that  such  harmonies  are  atiundanl  everywhere, 
^"^  we  Duty  also  he  assured  that  whatever  harmonies  we  find  are  neitlicr 
'^■ntitiuus  nur  lawless,  altliough  we  may.  In  some  cases,  lie  unable  to  find 
*^y  oibar  reasons  for  their  existence  tiian  the  universal  canon  of  nodal  ac 
*«>n,  Tiie  mure  wo  study  tlic  detailed  and  coonlinated  ramiflcationa  of 
^****  itctlon,  the  greater  will  he  our  ainirecialion  and  admiration  of  the 
^''**'r  whieh  Is  "heavHn'a  flrel  law,"  and  tbe  more  confidently  we  can  go 
'*'»  '•lib  our  researches. 

«"**■*»■  Amor.  Ptili.  Boc.,  iviii.  ZK-fl. 

11,13. 


264 


9.  Magnttinm. 

nae  of  llie  Holds  in  wliicU  there  seems  to  he  encourageiuent  for 
special  iuvesiigiition,  n  Electro- magnullsin.  I  gavi'  miiny  rensuns,  BiHe" 
years  ago,"  for  regarding  all  niasnetii:  iihenoinena  as  results  of  loaiL 
modified  vibrdtiand.  and  uu  that  nccount  I  liarc  alwuys  Uiouglit  it  tu  3 
aomewliat  illogical  tosiieak  of  light  na  "an  electro*  DingiielicplkenamenoD_ 
tliuBSubordiDating  the  geoeral  tu  the  special.  According  to  ilie  law- 
parsimony,  the  element  of  a  common  velocity  iiiilicale«  a  cumiuoD  ori^ni 
in  radianl  energy,  but  indenoling  that  energy  it  ae«Qia  better  lu  dsu  a  nan. 
which  is  universally  recogniwd  as  appropriate,  than  ono  which  may  pn>l 
ably  represent  a  mere  local  pIicDomennu.  Among  my  reasons  for  ad»ptlia 
this  opinion  was  tlio  delay  In  the  uanifcHtations  of  solar  influence.  Fatha 
Bccchi  observed  a  remarkable  solar  outbreak  on  the  Tth  of  Jnly,  K'l' 
whlcli  produced  a  great  agitation  of  terrestrial  uiagnotlsm,  and  Airy 
mated  the  time  required  for  the  propagation  of  tlie  magnetic  distarbaui 
at  2b.  20m.  Tills  is  16.87  times  tbc  time  required  for  light 
the  Sun  to  the  Enrth,  which  is  alniosl  precisely  the  ratio  bet 
of  terrestrial  rotation  and  the  lime  of  satellite  revolution  at  the  Eartli 
surface. 

More  than  seven  years  afler  I  had  shown  that  the  solar  daily  varintii 
of  terrestrial  magnetism  might  be  very  closely  repreKonted,  both  111 
and  magnitude,  by  solar  tidal  action,  Maxwell  suggested  the  same  hyp 
sis.f  I  showed,  in  187.5,  J  that  my  hypothesis  led  to  a  simple  estimate 
Bun's  muss,  which  I  placed  upon  record,  without,  however,  giving  all 
data  for  tlio  calcuhition.  The  total  terrestrial  mugneilc  fon»  in  Qrr^ 
Britain  baa  becu  found  to  be  lOgr.  ft.  sec;  then  the  teusion,  pcrpendlcul- 
to  the  linos  of  force,  is  .128  gr,  weight  per  an.  fl.  The  greatest  roagne~" 
tension  which  Joule  was  able  to  produce  in  Great  Britain,  by  moaiu 
electromagnets,  was  about  140  lbs.  weight  on  llie  sq.  in.  (^  1^  X  1^ 
7000  =  141190000  gr.  pr.  aq.  (V.).  The  unit  of  tu  eiM,  in  meclmiii- 
measure,  varying  as  the  square  of  the  unit  of  velocity,  is  nt'  T  t~*.  But  * 
molecular  oscillation,  in  altornuic  approach  to  and  recess  from  the  «rl>'> 
ceulrc,  continues  for  a  half  rotation  or  a  half  revolution,  while  the  Xart 

trial  antagonism  lusts  only  —  as  long.    Therefore,  If  we  designate  Eaf^ 

mass  by  a  subscripl  accent  (»»]),  the  ratio  of  Uie  magnetic  force  wliiol* 
due  to  modified  solar  radiBtion,  should  ticar  the  same  ratio  lu  the  foro^ 
terrestrial  reaction,  as  m'  i'  ("* ;  wi,'  P  r*  r".  or  as  m' :  ifli'  n*.     Tliis  gives 
proportion    m':   m,=  n' ::  141120000  ::  128.  or  m  :  m,  :;  397710  :  1. 

Although  Ihis  result  Is  nearly  Identical  wlUi  the  (Hie  deduced  fh>m 
comparative  leverage  of  Sun  and  Jupiter  (327807).  In  the  paraboloid  of 
lerateilar  photodynnmic  action,  I  am  inclined  to  think  Uial  it  may  Iw 
one  per  cent,  too  small.    When  the  dilQcuKy  of  making  preciao  ni>ign< 

•  lb,  Vol.  Il,  etc 

tTre«ll.eon  Eloelrlelly  ond  MaKnotlsm,  II.  IW. 

IProc.  Amer.  Piill.  Jioe..  alv.OOT-tt. 
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measurements  is  conBidered,  bo  slight  a  diflorencc  as  this  is  hardly  worthy 
of  notice. 

The  experiments,  which  I  performed  before  the  Society  in  1864  and 
1805,*  appear  to  have  furnished  tlie  first  direct  and  positive  evidence  of  the 
hypothesis  that  electricity  and  magnetism  consist  simply  of  sethercal  vibra- 
tions, which  can  be  imitated  and  modified  by  simple  mechanical  means. 
This  mechanical  modification  led,  subsequently,  to  the  invention  of  the 
telephone  and  the  photophone. 

8.  Earth' $  Orbital  Ecesntricity  and  its  Correlations, 

The  photodynamic  importance  of  the  centres  of  nucleation,  condensa- 
tion and  nebulosity  (Sun,  Earth  and  Jupiter),  in  the  solar  system,  and  the 
tendencies  to  secondary  and  subordinate  synchronisms,  arc  further  shown 
lO  moduli  of  rotation  and  in  orbital  eccentricities.     The  modulus  velocity 

(^^]  of  Jupiter  is  slightly  greater,  while  that  of  Earth  is  slightly  less,  than 

Sun's  wave  velocity  (i^glr^  l  the  slight  differences  be»ng  due,  apparently, 

to  the  same  causes  as  Earth's  apsidal  oscillations  and  its  mean  deviation 
frown,  the  centre  of  the  belt  of  greatest  condensation.  Jupiter's  s(>cular 
^^"^f^ge,  from  secular  perihelion  to  secular  aphelion  (.63295/9,),  is  nearly  the 

same  as  Earth's  orbital  radius  of  spherical  gyration  (v/.4  =  .63245/>s)  ;  Ju- 
piter's ratio  of  minimum  eccentricity  (.02  )49)  is  about  three-quarters  of 
Barth's  ratio  of  mean  eccentricity  (]  of  .03387  =  .02540) ;  at  Jupiter's  secu- 
^1*  perihelion,  or  locus  of  rupturing  oscillation,  the  projections  of  Sun's 
»*>d  Jupiter's  centres  fh)m  Sun's  surface  (.98917  x  5.2028  X  214.55  =  1  -f 
^ 047.87)  are  inversely  proportional  to  their  respective  masses.  We  may, 
therefore,  not  unreasonably  expect  to  find  similar  simple  relations  between 
different  forms  of  terrestrial  eccentricity  and  cosmical  tis  viva. 

If  'We  suppose  the  air  to  be  condensed  to  the  homogeneous  density  which 
^  ^dlcated  by  the  theoretical  velocity  of  sound,  we  may  assign  .4  of  its 
^^locity  of  equatorial  rotation  to  the  mean  vis  viva  of  simple  spherical  rota- 
^^^  and  the  remaining  .6  to  sethereal  or  elastic  action.  The  velocity  of 
«rt*Uon  is  2ff  X  3962.8  X  5280  -*-  86164  =  1525.77  fl.;  the  theoretical  ve- 

^^ty  of  Bound,    i/gh,  should,  therefore,  be  .6  X 1525. 77  =  915.46,  and 

^^  heiglkt  of  homogeneous  atmosphere  915.46*  h-  (32.088  X  5280;  =  4.9466 
mile.. 

"^ia  doBeneas  of  accordance  with  the  values  which  have  been  derived 
''^^  observation,  accounts  only  for  the  equilibrium  between  the  elastic  and 
Si^vitating  actions  of  daily  rotation.  The  atmospheric  particles,  in  their 
Qi^Qlatory  motion  with  the  velocity  of  sound,  may  be  regarded  as  travers;^ 

**8  orbits  with  a  mean  eccentricity  of  -  =  t'^~  =  .0012483.    This  re- 

•^       r       3962.8 

Milt  h^  1,^11  obtained  by  regarding  the  atmosphere  as  homogeneous,  in  the 
'^'^  way  SB  our  photodynamic  results  were  obtained  by  regarding  Sun's 
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ethereal  or  luminiferoQs  atmospbere  as  homogeneous.  Therefora; 
oooBider  Earth's  mean  orbital  eccentricity  as  due  to  the  elastic  read 
the  nebular  centre  of  oscillation  (Jupiter)  against  the  nudeal  centra 
we  And: 

£arth*s  mean  atmospheric  eoc' j  :  Earth's  mean  orbital  eoc'y  n  <I 

semi-axis  major)*  :  (Jupiter's  semi  axis  mijor)*;  which  gifvs  .00] 

.0088789  ::  1  : 5.2028*.    Id  order  to  acquire  the  Telocity  due  to  this 

tridty,  there  should  be  a  ikll  of  the  centre  of  condensation  (Earth 

the  centre  of  the  dense  belt  of  planets,  through  one-half  the  hef] 

.016895  Earth's  semi-axis  mijor.    In  order  to  make  the  eiBcient 

producing  vu  viva  at  Earth  equivalent  to  that  at  Sun's  surfiice,  we  i 

take  account  both  of  Earth's  (1.)  and  Jupiter's  (.088789)  action,  as  I 

at  

in  the  equation  1.088789  ^  ^  •Po^'o-    Substituting  g  =  82.088  -^ 

and  t  =  86184  sec.,  this  gives  270.67  miles  =  /p^.  From  this  vi 
we  can  readily  deduce  Earth's  orbital  velocity,  which,  being  multlpl 
the  number  of  seconds  in  a  sidereal  year  and  divided  by  2,t»  gives 

-H  1/21455  X  81558150  ^  2r  =  92813000  miles,  for  Earth's  sen 
mijor.  The  closeness  of  agreement  between  these  photodynamic  i 
and  other  estimated  values  is  shown  in  the  following  table : 


Japiter**  secalar  range. 

.63245/7, 

Btockwell,         .632B6/>s 

JKof 

**        minimum  ecc*y, 

,n2rAd 

.01SM9 

M 

Mass,  Sun  -*■  Jupiter, 

1047.87 

Bessel,          1017. 8S 

.04 

Theoretical  vel.  c/ sound. 

915.46 

Eno.  Met.       i)16.%22 

JOS 

Homogeneous  almospbere 

,            4.ii4G6 

StUiman,           4.0478 

.03 

Earth's  mean  ecc'y. 

.aJ:?789 

Stockwell,          .0J:«676 

Ji\ 

»*          ••      orbital  fall, 

.016805 

.01«WM 

.28 

•*      semi-axis  major. 

92^12000 

Cornu,    9a«)3000 

.01 

4.   Cotmical  and  Molecular  DerMiWeg  and  Velocities. 


We  have  seen  that  the  function  ( oc  v  -  is  independent  of  any 


'r 

/ 
element  than  d,  when /is  a  maximum,  or  when  comparisons  are  mi 

distances  from  the  centre  of  force  which  are  proportionate  to  their  r 

tive  nudeal  or  atmospheric  diameters.     Tliis  renders  the  projwrtic 

i  oc  -\/—  an  important  one.    For  exiiinple,  it  is  safe  to  predict  that 
>  d 

time  of  rotation  of  any  single  star  should  ever  be  discovered,  it  v 
found  to  be  such  that  .^-  will  not  differ  perceptibly  from  the  veloc 

light ;  and  from  the  times  of  mtalion  we  can  readily  calculate  the  ra 
stellar  to  solar  density.  In  binary  and  multiple  stars,  or  in  planetai 
tems  where  the  planetary  reactions  are  so  important  as  either  to  ret 
accelerate  the  rotary  velocit}'  of  the  nucleal  mass,  the  value  of  the  m< 
velocity  must  still  be  some  function  of  the  velocity  of  light,  altho 
may  be  so  changed  as  to  leave  room  for  much  interesting  and  perp 
study  in  seeking  the  causes  and  amounts  of  perturbation.    In  consi« 
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the  equality  of  molecular  vis  viva,  many  well  known  evidences  of  atomic 

and  molecalar  rotation  have  been  found,  but  I  know  of  none  which  furnish 

the   necessary  data  for  determining  in  what  way  the  intrinsic  rotations, 

whioli.  are  due  to  simple  reaction  against  tlie  undulations  of  the  luminiferous 

ether »  have  been  modified  by  the  accelerations  of  terrestrial  rotation  and 

the  various  unknown  mechanical  influences  of  chemical  physics.     The 

moldoular  velocity  ^  ^  \~J^  accounts  for  all  synchronisms  of  homogeneous 

medis^  but  how  are  we  to  explain  the  synchronisms  of  rotation  and  revo- 
IttiioKi.  hi  a  body  so  heterogeneous,  and,  consequently,  with  such  various 
moments  of  inertia,  as  the  Earth?  If  density  itself  was  originally  a  func- 
tion or  distance  fallen  through,  and,  therefore,  varied  as  (^,  the  synchronous 

time  for  the  aggregate  of  mean  motions  varied  as  \/  d.  The  equation 
•  =  ^*  is,  therefore,  constant  for  any  given  radius.  In  order  that  this  con- 
btanojr  may  prevail,  there  must  be  some  unit  of  density  to  represent  either 
the  ii[^odified  aether,  or  some  gas  which  is  directly  subjected  to  the  influence 
of  its  vibrations.  The  hyper-elasticity  of  hydrogen,  its  wide  diff'usion,  its 
CHOtinoal  presence  in  the  solar  explosions,  the  fact  that  it  has  the  greatest 
^ttity  of  any  substance  which  we  have  been  able  to  measure  with  pre- 
c»ioii,  its  importance  in  relation  to  Lockyer's  "basic  lines,"  together  with 
tb^  ftimpie  and  significant  harmonic  indications  of  those  lines,*  all  point  to 
Has  the  probable  typical  representative,  or  the  transmitter,  of  primordial 
'^'idulation.  In  order  to  test  this  hypothesis,  let  a?  represent  the  specific 
!»'*vity  or.d  of  Earth ;  270.67  m.,  ihe  value  of  i/goTo  at  Sun.  or  Earth's 
niodulus  velocity  of  rotation  ;  6050,  the  molecular  velocity  of  hydrogen  ; 
.0693,  the  ratio  of  the  specific  gravity  of  hydrogen  to  that  of  air;  773,  the 
f^tio  of  the  specific  gravity  of  water  to  that  of  air ;  x -i-  1.033789\  the  mean 
'P^ific  gravity  of  Earth  if  expanded  to  1.033789  X  its  present  radius,  so  as 
to  eliminate  the  condensation  due  to  the  action  of  Jupiter.  Intn>ducing 
these  valaes,  in  the  constant  equation  s  =  vt,  and  considering  v  as  the  ve- 

l<^ty  acquired  in  i,  the  time  of  condensation,  we  have  ^i^  2<^P  = 
_J__J 6050 

/              778  X 
\  jr^~^ — LizLr -,  and  z  =  5.527.    The  mean  molecular  velocity  of  earth 

^-0698  X  1.088789* 

^i^ich  is  due  to  sethereal  elasticity,  would  then  be  6050  -h  J—  ^  *'^-^— 

•^  \      .0693 

^^  ^.867  ft.  pr.  sec  ;  the  corresponding  velocity  of  any  terrestrial  sub- 

-rt*».  24.367  X  1/5:527      57.284  ,      .^    ,       ,      .       .  ^      .  ^ 

■**«ice== =  — =■  ft.,  if  the  density  is  compared  with 

yd  |/d 

th«^^    .  57.284  X  1/773      1592.655  ,     .,   .        ^,      ,  ^^^ 

"^t  of  water,  or ^^ = ft.,  if  air  at  0°  and  760  mm.  is 

^^^n  as  the  unit  of  density.     These  ratios  are  important  in  investigations 
^*^ck  involve  the  modified  or  specific  elasticity  of  bodies. 

*  >roe.  Amer.  Phil,  Soc,  xvlli,  221-6. 

^*]U)C.  AMKB.  rmiXM.  see.  XIX.  108.  2h.     prtntkd  februaht  26,  1881. 


Chsse.J 


268 


[Jan- 


S.  PhuUnlyn'imie  Eatimatt  of  Bart/t't  JUau. 

I  have  shown.  In  mj  discuwion  of  "  Enrth'a  orbital  eccentricity  nnd  i 
correlations"  (NoIf  3),  llutt  Sun'e  fiurbi-e  is  llie  fut[:runi  or  tK]uUlbritV 
between  the  two  principal  mnaaes  or  our  system  (Sun  and  Jupller),  al  iM 
locus  or  rupturing  projection,  ur  ibe  secular  perihelion  centre  uf  gniTJIj 
Sun  and  Jupiier.     I  also  showed,  in  my  first  paper  on  pbotodynamics.  lli      -^  * 
the  Hnlagoaistic  mean  k-vcrage  of  Sun  nnd  Japiter  produc  ' 

ax  tlie  directrix -locus  of  the  stellar  solnr  paraboloide,  nbich  furnisb  » 
close  approximation  to  the  ratio  between  aolar  and  t 
gravitating  energy.  The  forces  which  liftvo  eBtalilislird  these  hanuuni^^^ 
must  act  under  special  conditions  of  cquililirinni  &l  tlie  centre  of  eond«ns^^^ 
lion  (Earth),  and  it  seems  pro1ialil«  that  lliiiee  cundiiioos  niny  Iw  lise  sut^^^ 
ject  to  extruaeous  disturtmnco  than  eitlier  of  the  other  adjustmenta  whicEl_'^ 
I  have  investigated. 

In  the  photodynamic  paraboloids,  at  any  given  insuuit,  Ic't  a  b»  the  sola-^* 
locus  of  tlie  dJrectrii  which  is  on  the  side  of  Sun's  ccnlre  nppoelte  ti^>^ 
Enrth  :  v  the  cenU'e  of  nucicalion,  or  Sun's  centre,  regarded  as  a  primar^^^ 
point  of  suspension  Tor  a  linear  |>enduluui ;  «,,  the  ccoire  of  condcnsAtion  ^^ 
or  Earth's  centre,  the  secondary  point  of  suspension  of  the  some  peailultuu  -^^ 
0^  the  centre  of  a  primitive  nudunl  radius  and  also  the  centre  of  lineac-^ 
usclllatiun  for  i, ;  o,.  the  centre  of  linear  oscillation  for  igand  also  the  com-  -^ 
mun  locus  for  codrdinate  radii  r,  and  r,:  o,,  the  centre  of  tlie  linear  pendu-  -^ 
lumio«i;  0,  the  centre  of  «,  Oj and  the  centre  of  linear  oscillation  of  o,  i^  ,  • 
r,  =  I,  Oj ;  r,  =  »j  Oj ;  ntg,  m„  hoinogeneons  masses  varying  as  r,',  r,' ;  o,  i^B-* 
tlie  locus,  in  suspension  from  j^.  of  opposite  lendenci>?a  towards  a,  and  v— *■ 
Then  Tq  ^  3r, ;  "ig  =  Sfnj ;  if  we  represent  the  supnrDcial  momentum  a9  '* 
any  equatorial  particle  of  in,  by  1  X  t,  tlio  corresponding  mnmeatuni  for^*^* 
m,,  with  reference  to  the  same  point  of  suspension  (»,)  Is  9  :<  3.  If  tho^^ 
photudynumic  monientnm  is  converted  into  velocily  of  contiguous  particlss,  ^^ 
at  On  causing  one  of  the  jiarLicles  to  revolve  about  «,.  and  the  other,  by  re- — ^ 
action  from  i^  about  Rg,  their  resi>cclive  velocities  will  be  represented  bf^C. 
V'B,r,  and  i^g^r^  the  latter  being  (S  x  3  ;^  24)  limes  the  former.  Now  ^w 
\/gr  ^  -yJ—  while  g  a:  —  ac  { y'gr)'.     Therefore  j,  =  W  g,.     But  ff  a  ni.  -^ 

In  mutual  action  and  reaction,  as  in  tlie  case  of  Earth  revolving  and  Bun  ro^n^ 
taling  under  the   pliolodynainic  inQuence   of   ^(^e   ;   therefore  %== 


t  ndins, 

lean  distance,  Pt 


(24*  =  331770)  m,.    Radius  varying  as   (-^)*.  8n 

then  be  1831778  ^  ,25527)*  —  109.07r, ;  and  Sun's 
314.5610  X  100.07  x  3069.8  ^  03734000  miles. 

6.  Pholodg'oa'me  Limitation  of  Terrailrial  Dag. 
The  numhnr  and  variety  of  the  foregoing  hnrnioiites  led  me  to  look 
some  ph I ilo dynamic  influence  on  terrestrisl   rotation 
density,  aoalogaus  to  that  which  is  iDdicaii-d  by  the  solar  nucleal  eqnati' 


'•^^ = Cott)' = »'*••'  -  <'<'^^*«'')'-  H^"*^** 
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at   lite  centre  of  nucleation.  ^  =  velocity  of  light.    The  acceleration  of 

san  spots  near  the  solar  equator  indicates  a  velocity  which  is  partly  rota- 
Uoa  a.1  and  partly  orbital.  The  solar  corona  is  now  generally  attributed  to 
]iel>u1ous  or  meteoric  matter,  which  is  constantly  tending  either  to  fall  into  or 
to  revolve  about  the  Sun.    If  Sun's  surface  is  the  locus  of  the  mean  orbital 

Q 

collisions,  Uie  mean  nebulous  radius  is  —  rg,  and  the  mean  locus  of  the 

nebiilous  particles,  r»  is  'V'o'^o*    ^^^  'a  he  the  time  of  half-rotation  for 

r^«    in  the  fundamental  equation  gj^  =  v   ;   then   t^  =  ]/ 865.2565  = 

19.11 168  dy,  is  a  mean  proportional  between  the  solar  terrestrial  day  and 
the  terrestrial  year.    This  gives  for  i^  or  the  photodynamic  modulus  time 

2 

at  Ban's  surface,  u  <«  =  12.741128  dy.    Let  n  •=.  the  number  of  solar  radii 

(r^)  in  Earth's  semi-axis  major  (^3).  and  we  have  the  equations  : 
«^  =  g^t^  =  12.741123  X  86400^  =  nr^-^  497.827 

A  X  SjT 

81558150 
n  =  214.6516. 
g^  =  .0000008915ro. 

2^  -Ji!?  =  10041.8  sec. 

%ic  -v'~  =  5W8.6  sec 

d^_(  5078.6  Y 1 «..„- 

d,  —  \10041.8/  ""  8.9174  —  •^^^^• 

ro  =  92,812,000  -f-  214.5116  =  432580  m, 
f^==^  =  27.8657. 

A^notber  evidence  of  the  limitation  of  the  time  of  rotation,  at  the  centre 
^^  ^^ndens&tion,  by  photodynamic  influences,  is  found  in  the  accelerations 
^*^lcb  are  due  to  condensation  within  the  present  limits  of  the  solar  sys- 

^*     The  central  actions  and  reactions  of  acceleration  between  Sun  and 

^*tb  vary  as  their  respective  masses,  because  ^  ex  ^  and  d  is  the  same. 

^  <x>tidensing  nebulae,  equality  of  vis  viva  requires  that  t  (of  rotation)  ex 

.•     ^rom  this  source,   therefore,   Earth  has  been  accelerated  (30.034)' 

*^cs  by  its  "subsidence"  from  Neptune's  mean  orbital  distance.    This 

*^^^«ration  provides  only  for  synchronous  solar  and  terrestrial  rotation  ; 

^•^^tehas,  however,  been  a  further  acceleration  of  366.2565,  by  the  shorten - 

™K  of  the  Bolar  year  to  the  terrestrial  day,  and  of  ^Z  1.0145  by  the  mean 
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•'subsidence"  of  Neptune  from  its  secular  aphelion,  since  \^grCC  1/3 — 
Tlie  quotient  of  Sun's  mass  by  Earth's  mass  which  will  acoount  for  a) 


these  accelerations,  is  therefore,  {/1.0145  x  366.2565  X  (30.084)*  =  381587, 
a  value  which  differs  by  only  ^  of  one  per  cent,  from  the  one  last  obtaim 
by  purely  a  priori  indications,  and  ^  of  one  per  cent,  from  the  one  which  ^ 
was  deduced  from  coronal  oscillations. 

7.  Photodynamic  Limitation  of  JupUer*»  Day, 

The  centre  of  nebulosity  (Jupiter)  presents  equally  conclusive  evidence 
of  photodynamic  acceleration,  if  we  pay  proper  regard  to  the  difference  be* 
tween  the  expansive  reactionof  elasticity  and  the  gravitating  action  of  odd- 
densation,  with  its  consequent  limitation  of  elasticit}'.  If  we  take  the 
*' centre  of  primitive  annular  condensation"  (Neptune),  at  its  rupturing 
locus  (secular  perihelion  =  29.5982^>8),  the  photodynamic  seat  of  ruptoriog 
action*  is  at  %  of  29.5982^;3  =  16.4434^3 ;  squaring  and  multiplying  by  Sun's 

mass  (1047.879),  we  get  10467  for  the  number  of  rotations  in  an  orbital  rero- 
Union.  Dividing  Jupiter's  year  (4332.5848  dy)  by  10467,  we  get  9h.  5(to. 
3.4s.  for  the  length  of  Jupiter's  day.  Prof.  Hall's  recent  estimate  is  9h. 
55m.  26.5s. 

8.  Moon's  Mass, 

In  the  third  note  of  the  present  series,  I  have  shown  some  of  the  rela- 
tions of  Earth's  orbital  eccentricity  to  Jupiter's  locus  of  rupturing  oscilla- 
tion, the  masses  of  Sun  and  Jupiter,  Enrth'sfall  from  the  centre  of  tiiebelt 
of  greatest  condensation,  and  the  beiglit  of  Earth's  homogeneous  atmos- 
phere. The  atmospheric  ehisticity  should  evidently  be  in  equilibrium, 
between  the  mutual  inter-actions  of  Earth  and  Moon,  in  the  same  way  as 
the  {ethereal  elasticity  is  in  equilibrium  between  solar  and  planetary  actions 
and  reactions.  The  atmospheric  eccentricity  being  .0012483,  the  ratio  be- 
tween the  lunar  and  terrestrial  masses,  in  order  to  be  in  equilibrium  with 

this  eccentricity,  should  be  r^x.0012483,  or  Earth's  mass  should  be  8117 

times  Moon's  mass.  What  slight  m<Hlifications  of  this  value  may  be  re- 
quired, in  order  to  satisfy  other  conditions,  must  be  left  for  further  investi- 
gation. 

9.   Earth's  Semi-axis  Major. 

If  we  take  the  photodynamic  estimate  of  the  centre  of  the  belt  of  grest^^ 
condensation  (1.010895  ;  Note  3),  the  ratio  of  r^y  to  r^,  as  determined  byll»o 
mean  locus  of  solar  and  terrestrial  action  proportionate  to  mass,  should  be 

1.01081)5  times  ^     ,^^'*      =109.088.     If  we  adopt  Stockwell's  compuUlioo 

<«/ 

of  the  secular  centre  of  the  belt  of  greatest  condensation  (1.0t6989/;j),  the 
ratio  is  109.09:5.  These  estimates  give,  for  Earth's  semi  axis  major, 
92750000  and  92754000  miles  respectively. 

•  Proc.  Amor.  Phil.  Soc,  xil,  31)2-1 ;  P.  Mag.,  June,  1877,  p.  353. 
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10.  Tha  Photoistuimie  Ttar, 
'■tlia  auutsnl  action  of  the  coDstunt  photic  ener^,  at  the  centre  nf  solnr 
^ncl    terrestrial  acliua  proiKirtlonHie  to  miiM,  is  equally  liividud  belwoon 

Kfcrtli  and  Stin,  so  iliot  ff,I,  Tor  Eanh  correnponds  with  g  for  Sun,  wlien 
so  ■^apuudeU  tliAt  its  rcitnlion  would  be  synchronous  wllli  Ihe  iGrrestriul 
y^ii-r.  We  iLeruforc  flnil  for  the  velocity  of  liglii,  If  we  allow  for  Ibe 
lu^c-clonttlon  due  to  the  ptiotodynamic  projection  of  Nepinne  (Note  G), 

o  X  1  yr.  In  sec,  33.088  x  815.18150 

(Neptuue-!.  pmjection)'  =  5380  X  l.OIW  =  ^^^^^^  ">■'«'  ^^  '*''■ 
Silnltl plying  by  497. 83T,  the  time  required  for  light  to  come  from  the  Sun, 
^«-e  gel  S3,707,2nO  miles  for  Eiirlh's  semi-aiis  ninjor. 

11,  Manet  of  JapHer  and  Sa(urn. 

la  consequence  of  the  simplicity  of  Earth's  relation  to  the  centre  of  con- 

denmtion,  the  a  priori  approiim&lion  lo   its  mass  is  comparatively  easy ; 

IfUt  all  the  requirements  of  phoiodynamic  vii  eiva  must  be  BatiBfliKl  In  eiicli 

*>''  tke  msmical  masses,  as  welt  as  in  every  chemical  atom   and  molecule. 

•'npiter's   syudironuus    radius,  or  the   distance   from   Jupiter's   centre 

C-at^Sl/.,).  at  which  asatelliie  would  revolve  in  one  of  Jupiter's  urbiial 

•Evolution*,  is  1.08*6  x  the  radius  of  couflueot  aoiar  and  terreslrial  mass 

■^<maii.     The  time  of  any  circular  orbital  revolution  is  (/^  =  5.6568)  X  the 

■  itua  of  fall  lo  ilie  centre  of  force.    The  accelerations  of  gravity  varying  as 

^^e    founb  power  of  orbital  velocity,  nnd  acquired  velocity  varying  as 

fCr»vitatli)g  Lime,  the  mass,  which  wnuld  satisfy  conditions  of  simple  C(iui- 

'■brium  between  tendencies  to  condensation  and  lo  orbital  motion,  ia 

*-OOO8'  =  83'  =  1034.    Sun's  mass  :  Jupiter's  mass  ::  1047.819  (=1.0284 

^^    1 034)  :  1.     This  indicates  a  modification  of  llie  equilibrating  innss.  siml- 

^^*'  t^j  the  mudiflcAtion  of  the  synchronous  radius.     The  difference  between 

*  •  03a4  and  1.02411  is  less  than  one  eighth  of  one  per  cent.,  which  is  within 

'^*'  limits  ofprobalile  errorsof  observation.    The  rupturing  pbotixlynamic 

•^■■•io  (J;  sec  Note  7).  and  the  ratio  of  photodynamic  projection  (1,014>5;» 

*^'^  Note  10),  have  both  been  Introduced,  as  factors  of  equilibrium,  lietweeo 

^^  cnnire  of  nubulosity  (Jupiter)  and  the  nebular  centre  of  planetary  in- 

•■^l*   (Salum)  ;♦  for  (J  X  1.01455)'  X  1047.8711  =  8501.B  wliich  is  Besselg 

^Moiule  of  the   qimlienl  of  Sun'a  masa  by  Saturn.     This  deduction  of 

^^t««m's  mass,  Ihcreforo,  indicates  (Note  10)  a  Telocity  of  light  equivalent 

■_,     8Q.0W  X  3l&58iOO 

"""SasO  xToiiW'"  ~  '88820  miles,  and  gives,   for  Eartli's  semi-axis 
'^^)Sv»r.  83.7W,0Otl  miles. 

12.  FhoCodgnamie  Ctntm  of  Planetary  Inerliii. 

,      "*.*om'a  position,  at  tlie  nebular  or  phoiodynomic  centre  of  planetary 

**^i4,  fiiraishes  special  and  very  interesting  crucial  illustrations  of  the 

j-^'*'>ilt  v»ln*  li  alviut  i( J  of  one  par  cont.  greater  tlian  aioohwell's 

e(l.01««a|. 
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cosmlcal  influence  oflmnnoDic  nodes  in  An  elnstie  medium..  -  Li^t  i<.  InttK 
Telocity  at  liglil  ;  ij^  llie  scceleratlon  of  gmvity  nt  r,,  llie  mlius  «f  flun'i 
pbolodynnraic  sphere :  t,  =  \/g,r,  =  orbital  velocity  &t  r, ;  u,  =  ortlliJ 
Telocity  Bt  ro  (Sun's  surface),  and  modulus  relncity,  (  3  ).  tor  aeatmvJ 
nebulosity  and  of  condenaalloD  (Jupiter  nnd  Snrth),  tlie  muduliis  r«Ml) 
liATing  been  slightly  climnged,  us  we  liave  seen,  by  fiirccs  nlilcli  [iroiluM 

orbital  ecceniricity ;  M,  =  -^'-  ;  r,,  radius  o(  orbiul  revuluiioo  ayncljw- 
noui  with  DUcle&I  rotation;    I  _^  1    2=  ~'^  1'—  1  Moc  r,'a  r.':  riOC 

V  0,  /     *■•     *>■• 

r,* :  r,  =  /w\  CC  r.*  OC  n*  OC  M'^ ;  r,'^  oc  H ;  r,*  OC  M*  oc  -  QC-  X 

ex  v'T,.    If  we  lake  r,  ns  tbe  uail  of  distance,  we  have,  for  llit 

present  condition  of  the  galarsyatcm,  r.=  i/Mr,:    (—')=;.(_  =-%  _ 
^  '■0'  \  r,      g, 

(^i)   ;  tiierefnro  (^)'    =^^^.     Bui^  =  the  time  in  which  li^»« 

vould  traverse  Saturn's  orlilt,  divided  In<o  the  lime  of  Saturn's  otiiiul  l^— 

Tolutioa  ;  therefore  (~)      =  9.5389'  yea™  ■>-  {9.S3E19  X  S>r  X  W.M^ 

seconds)  =3n(W,4:  ^' =  (31100.4)**  =  3040.8.    This  ^rea  for  EulV^ 

.      ,        ,     2046.8r*       „,,„ 
semiajisnmjor  gggg^  =214JS75r.. 

18.  Earth't  Rupturing  or  ProjaetiU  Loeut. 

In  Note  6,  I  hare  shown  the  relation  of  Earth's  accelerated  nXalioa  t^^ 
Neptune's  subsidence  and  Bun's  mass.  In  Note  S,  I  deduced  a  valoe  f»^^ 
Earth's  mass  from  simple  considerations  of  linear  oscillation,  betweea  lb** 
nebular  centre  of  the  aolar  syslera  and  Ihe  centra  of  greatest  coodeB*-- 
tion.  Since  the  stability  of  llie  synlera  requires  that  all  lis  oscilUliM^ 
should  he  harmonic,  we  may  also  account  for  Earth's  rolary  uecl'' 
eraiion  by  simple  solar  and  terrestrial  inter  act  ions.  The  propagstiiS^ 
of  rays  of  equal  length.  In  an  elastic  medium,  produces  a  teireatri^  n ' 
action  to  its  orbital  motion,  through  a  radius  equal  to  Bun'i  iwlnt" 
Tiie  centre  of  linear  oscillation,  in  terrestrial  reTolulinn,  wbitdi  limits* 
the  tendencies  ot  pholodynamic  vU  ei'oa  towards  the  earth,  is  at  <i^t^^ 

g-jD,  from  Earth,  or  near  Venus's  secular  perihelion  ;  the  peodulam  of  i*^* 
action  upon  Earth  (p,)  is  three  times  as  great.  The  sum  of  the  msMsi.^^ 
Earth  and  Sun  being  involved  in  these  actions  and  reactions,  then  is  ■  oi^*' 
sequent  acceleration  which  would  give  the  Earth  nine  rotations  per  asio^'^ 
from  this  source  alone.    This  aeeelemtion  is  fbrtber  increued  by  ibt'*'^*'' 


llotts  ornrhitEil  velocity,  due  to  Sun's  dubs  acting  llm>asli  Esrlli's  secular 
JwrtlKlion  or  projeciile  radius  voowr,   wlilcli    may  be  repreaeDied  by 

V^ — ,*bA  loEsrlb'i  mass  sciing  ilirougli  a  mdiuH  equ«l  to  Sun's  scml- 

**■  _ 

df&neier,  wliici   msy  be  represented  by  \^--     Tlierefore  we  liaTe  ibe 

P«*portlOD  -yj^  :  -y^  ::  880.2565  :  9.  Hence  ^=  (,"  ^~)  X  ''- 
bttrndnclne  Sloclt well's  mtio  for  Earlli'a  projeclile  rtidius  vector  (.03220^) 
We  find  ''-I  =  .0822048  x  214.5518  =  200,03.  and  "^  =  381333. 

14.   CallMo,  JupiUr't  TtUitHc  Moon. 
The  combined  influence  or  itarmonic  photodynamic  OBcillations  on  tbe 
tbr«e  important  centres,  or  nutkation  (Sun).  cnndensnlioD  (Eartb).  and 
neliuUisiiy  (Jupiier).  is  further  sliown  by  lliu  proportion  ; 

Jupiter's  isochronoUB  mdius  :  CBllisto'a  semi-aRiB  mHjor  ;:  -v  v'— *  ;: 
8ee.25Wi  ;0,  Searle*  gives  for  the  diatjinceaod  period  of  Callislo,  .012585^^ 
suad  16.669  days,  Tliis  would  ninko  Jupiter's  iaorlironous  radius  .012585^, 
>C  <«82.S848  -^  16.080J  =  ^""y^-'  x  Callislo's  semi  axU  lUHJor  = 
.9X331^,.  The  value  thus  obtained  fbr  Earth's  sidereal  year  differs  froia 
Kli«  oheerved  value  by  only  ,(',,5  of  one  per  cent.  Other  barniooic  intlu- 
ea«;«a.  ■nnlugouB  lii  those  which  we  have  already  considered,  arc  traceable 

'■>  (befollowingequalioDs:  1.  \zi  X  Jupiter'smennapbelion  projecilonx 
*-«*«^'«  day  ^  Jupiter's  modulus  time,  or  time  of  half  rotation.  Tbia  gives, 
«>„_    ,    .  3      Jupiter's  semi-axis  major 

fc«-  Juplter-sday.  Bh.  53m.  38.5s.  2.  3  X  E^nL-s-sVmi-uxis-liTajoc  >«  "™« 
***"  reviilnUon  at  Jupiter's  surface  =  9h.  54m.  ll.Os.  8,  3*  x  1.IM3I8  x 
■'*»  roller's  semi-diameter  =  l8.0905Hr  =  CalUsto's  aemi^xia  miynr  4. 
^*  i<  Earth'*  day  =  Cnllisto's  orbital  lime  (28.9984  dy).  6.  Jupiter's 
^]J^Jutii8  velocity  -^  Earth's  ratio  of  aphelioD  projection  {1,06778531  = 
**>.-t8mile».  TliisgiveslSfleMra.  for  Ibe  velocity  of  ligUt,  and  B3M 10000  ui. 
"  Sarili's  semi-axle  major. 

15.  ProbaUt  raluM. 
*    subjoin,  for  comparison,  a  few  of  tbe  reaulls  of  Ibe  foregoing  methods 
<]Ut«tloning  natnre,  under  tbe  simple  guidance  of  tbe  well-known  law 
1  every  action  muaf  hntt  an  equal  and  ojjposite  reaction.     The  dutes 
a  pithlicatiun  In  tbe  Proceedings  of  tbe  American  Philosophical 
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Earth's  orbital  unit,  April  4,  1870,  93.579000 

Cosmical  masses,  '*  '*  92549000 

Neptune's  radius  vector,  "         "  92717000 

Primitive  condensation,  Jan.  4,  1880,  92520000 

Sun  and  Jupiter,  *'         "  92606000 

Nodal  action,  March  19,  1880,  92711850 

Hydrogen,  April  16,       "  92756000 

Oxygen,  '*  "  92849000 

•      Undulatory  vis  viva.  Note  3,  92812000 

Earth's  mass,  "     5,  92734000 

Terrestrial  day,  "     6,  92714000 

Earth's  semi-axis  major,  "     9,  92752000 

Earth's  year,  "    10,  92767260 

Jupiter  and  Saturn,  "    11,  92758000 

Earth's  projection,  "    13,  92590000 

Jupiter's  day,  "    14,  93010000 

These  combined  results  indicate  a  value,  for  Earth's  semi-axis  major,  of 
92737100m.  rb  25700  ;  the  probable  error  being  less  than  ^  of  one  percent. 
This  gives,  for  the  velocity  of  light,  299854  rfc  83  kilometres.  In  the 
American  Journal  of  Science^  for  January,  1880,  pp.  59-64,  D.  P.  Todd  di*- 
cusses  FoucauH's,  Oornu's  and  Michelson's  experimental  estimates  of  the 
velocity  of  llglit.  The  following  table  gives  his  several  values,  together 
with  Michelson's  final  estimate  (III),  and  my  own  : 

Foucault 298000  km. 

Cornu,  1 298500    ** 

II 299990    •• 

Michelson,  1 300100  " 

II 299930  " 

III 299820  " 

Todd 299920  " 

Chase 299854  " 


Stated  Meeting,  February  4,  1881. 
Present,  9  members. 

Vice-President,  Mr.  Eli  K.  Price,  in  the  Chair. 

Letters  accepting  membership  were  read  from  Dr.  Chas. 
Stewart  Wurts,  1701  AVahmt  St.,  Jan.  24,  1881;  Mr.  Henry 
Carvill  Lewis,  Gerraantown,  Jan.  25,  1881;  Capt.  E.  Y. 
McCauley,  Lima,  Dehiware  Co.,  Pa.,  Jan.  26,  1881  ;  Mr. 
Addison  May,  West  Chester,  Pa.,  Jan.  26,  1881 ;  and  Prof- 
Josepli  Lovering,  Cambridge,  Mass.,  Jan.  31,  1881. 


275 

Letters  acknowledging  receipt  of  Diplomas  were  received 
m  Dr.  E.  H.  Vou  Baumbauer,  Haarlem,  Jan  15, 1881 ;  tJ. 
Armstrong,  Newcastle-npou-Tyne,  Jan.  13,  1881 ;  and 
Wm,  Thomson,  Glasgow  University,  Jan.  19,  1881. 
A  photograph  of  Dr.  Benjamin  Howard  Rand  was  pre- 
ited  lor  insertion  in  the  Album. 

[>etten  of  acknowledgment  were  received  from  the  Astro- 
■nical  Society  at  Leii>sig  (106  and  List) :  and  the  Ameri- 
I  Statistical  Asaociation,  19  Boylaton  Place,  Boston  (106). 
\.  letter  of  envoy  was  received  from  the  Meteorological 
lee,  London,  Jan.  1881. 

i.  request  for  missing  Nos.  88,  105  and  after,  from  the 
nbridge  Philosophical  Society,  England,  was,  on  motion, 
jrred  to  tlie  Secretaries  with  power  to  act. 
I  request  for  Transactions  Part  3,  Vol.  XV,  for  the  Nu- 
imatic  and  Antiquarian  Society  of  Philadelphia,  was  re- 
•ed  to  the  Secretaries  with  power  to  act. 
^  letter  from  the  Soci^te  d' Anthropologic  de  Paris  re- 
iBting  subscriptions  to  the  Paul  Broca  monument  was 
d. 

Jonatious  for  the  Library  were  received  from  the  Seuck- 
mrg  Natural  History  Society,  Frankfurt  a.  M.;  the  Zoo- 
ieeher  Anzeiger,  Leipsig;  Nassau  Natural  History  Union; 
ademia  dei  Lincei ;  Annalee  des  Mines,  and  Revue 
itique,  Paris;  Societe  de  Geograpliic  Comraerciale,  Bor- 
nx ;  Meteorological  Council  and  Nature,  London  ;  Geo- 
ical  Survey  of  Canada;  Institute  of  Technology,  Boston; 
iseum  of  Comparative  Zoology  and  Harvard  College  Li- 
ry,  Cambridge;  American  Journal  of  Arts  and  Sciences, 
w  Haven;  Numismatic  and  Antiquarian  Society,  College 
Pharmacy,  Mr.  F.  T.  Freeland  and  Mr.  Henry  Phillipa, 
Philadelphia;  Mr.  Thoa.  H.  Dudley,  Camden;  Histori- 
Society  of  Delaware,  Wilmington  5  the  Bureau  of  Edu- 
lon,  Washington;  and  the  Kansas  Historical  Society. 
)r.  Brinton  read  an  obituary  notice  of  Prof.  S.  S.  Ualde- 
n,  a  member  of  the  Society. 

£,  J,  J.  Stevenson  communicated  a  paper  entitled  "  The 

LUIICB.  PHILOS.  BOC,  SIX.  lOS,  2l.     I'ltCNTED  MAiicn  H,  I8S1. 
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Up])er  FrcGfiort  Coal  Bed  along  Lfliirel  Ridge  in  Prertoft: 
couiifj"  of  West  Virginia."  By  John  J.  Stevenaoii,  Prnft*- 
8or  of  Geology  ia  the  Uuiveraity  of  the  City  of  New  York. 

Mr.  Fraley  reported  by  letter  that  he  hail  received 
[laitl  over  to  the  Treasurer  the  last  interest  on  tlie  MicbauX 
Legacy  due  Jan.  1, 1881,  amounting  to  S129.t!0. 

And  the  meeting  was  adjourned. 


in  Prui^n  OfuMr 
of  QaoUgy  mA*0\ 


Tht  Upper  FretpoTt  Coal  Bed  along  Laurtl  Bidgi 

Wail  Viryinia.     Bj/JohnJ.  Stnewtn,  Profm»or 
Mriity  tiftAt  OityofSta  York. 

{Ihad  b»for»  tht  AmtrUan  Philmphieal  SocUty.  Fibrunry  4,  1881.1 

Lnurel  ridge,  l.be  easterly  bouudnrj  of  Ligonier  valley  la  PeDnsylnnlv 
colors  Wesl  Virginia  nt  or  very  near  ilie  north  west ern  corner  of  Prow* 
coaaty.  It  ih  a  bold  anticlinal,  which  in  Indianii,  Wcatmoreluid  • 
Fayette  counties  of  Pennsylvania,  as  well  aa  in  Preston  and  I 
counties  of  Weet  Virginin,  expoees  the  bottoui  of  the  Lower  CbrbonileiMf 
and  at  some  localliies  brlnga  up  the  Chemung  roclu,  while  the  CoQglooM 
ale  sod  the  Lon'or  Productive  Ooal  group,  the  Allcglieny  serica  aX  L 
arc  shown  on  its  aides.  The  Told  is  cut  traDsversely  liy  several  dMT 
in  Pennsylvania,  where  it  shows  no  longitudinftl  valleys  of  a 
extent  i  but  in  Preston  county  of  West  Virginia  it  is  divided  loagitadlmlll 
by  Cbi-at  river,  whoso  gorge  ia  one  of  the  most  noteworlUy  attrscUoWO 
the  Qnltimore  and  Ohio  railroad. 

A.  strip,  extending  nearly  twelve  miles  along  the  westerly  slupe  of  U* 
ridge  in  Pruaton  county,  and  divided  by  the  Baltimore  and  OhlonuInN* 
was  visited  by  tbo  writer  in  Deeembur  of  1880.  The  Upp»r  FrMport  C«i 
Bfd,  the  inoBt  imporlant  member  of  the  Lower  Productive  Cgal  gnra^pl 
Bents  some  [Matures  Ibere  which  may  be  deserving  of  Dot». 

The  eiielerly  outcrop  of  that  bed  is  cnwsed  by  tlie  rttilmul  at  p 
two  miles  eastward  from  Tuunelton  station,  and  there,  on  the  Qnh 
Bunll  esiati!,  an  old  opening  was  examined  which  showed  tile  fuUo* 
section  : 

1.  Mahoning  sandstone nol  meaBund 

2.  Shale (K  *' 

3    Oma Vlfi" 

4.  Clay V  V 

5.  Cual I'   8" 

But  the  exposure  at  the  bottom  is  ool  complete,  for.  UDderlyisJ 

measui-ed  portion,  is  some  go3d  coal,  and  still  lower  b  a  I'uosiderftlilt 
ness  of  impure  slaty  coal,  which  is  not  worth  drgKing.    The  oaal.Ul 
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as  eiiiosed,  is  very  goodi  move  or  leas  priamatic,  very  soft  and  eftsily 
laineil.  For  the  most  pftrf,  ills  dean,  but  ihin  stniaks  of  iiyrilea  occor  in 
ll*  ^  top  10".  »nd  minute  acttl&s  of  tlie  same  mineral  appear  occasioually  in 
il»«i  bottom  9".  Above  the  coal  and  separated  from  it  liy  but  2  or  3  incliea 
nr  elialf!  is  the  tiard  gray  Malioning  sandstone,  which  Ilea  in  tliidt  beds 
u*c3  forms  an  excellent  roof.    The  exposure  of  this  rock  does  not  give  the 

The  cnndstone  <a  well  shown  along  the  railroad  between  tliis  place  and 
Tuiinclton.  Owing  to  the  croukedneHs  of  the  road,  the  bottom  of  the  rock 
is  sametlmcs  below,  sometimes  aiiove  the  track,  Imt  rarely  many  feet  in 
eltber  the  one  way  or  the  other.  Fnjqnentlyi  however,  the  coal  is  at  track 
level,  and  at  Tunnellon  It  is  far  enough  above  that  to  be  worked.  It  de- 
Bccnds  loward  the  tunnel  beyond  the  station,  but  in  the  tunnel  rises  again 
N>  oji  U)  form  the  roof  at  the  westerly  end.  Tlience,  however,  tin.-  course  of 
the  road  follows  the  dip  of  tlie  rocks,  and  the  coal  soon  conies  down  to  the 
tn»ck-ievel,  where  it  is  rained  and  sliows  the  following  section  ; 

Coat ., a' 8" 

Ciftv 0'2" 

Coal 2'  8" 

The  exposure  is  incomplete  at  the  top,  hut  roaches  very  nearly  to  the 
**ottom  of  the  good  coal.  The  alaly  division  below  is  said  to  be  not  far  from 
*  (oet,  in  which  case  Uie  fall  thickness  of  ttie  bed  is  about  9  feet  6  inches. 
^he  qiutjty  of  the  measured  coal  here  is  similar  to  tijitt  of  the  coal  seen  at 
^«  Gniham-Brall  pit.  Eight  Inches  of  the  slaty  coal  were  seen.  It  contnihs 
**>txie  good  spUiii,  but  for  the  mo«t  part  appears  to  be  worthless.  The 
**>orBt  this  pit  is  shale,  which  varies  in  thickness  from  H  Inches  to  12  feet ; 
"*>L  II  Is  hard,  and  niakes  a  very  good  roof.  The  Slaliouing  sandstone  is 
■bovn  in  the  hill  above  this  pit. 

'^'iiUin  one  fourth  of  amile  from  this  opening,  lUe  railroad  crosses  a  deep 

Korige,  in  which  the  coal  Iwd  is  exposed  below  the  track  with  several  feel  of 

*5*^le  iKlween  it  and  the  Mahoning  sandstone,  which  forms  a  bluS  on  each 

of  the  gorge.  The  thickness  of  the  shale  varies  abruptly,  and  the  llraita 

to  be  as  given  above.    From  this  ravine,  the  coal  rises  until  ul  Austin 

It  is  above  the  track,  and   at   half  a  mile  further  it  is  mined   and 

!«1  tiy  the  Austin  Mining  Company. 

*l*he  outcrop  of  Ihe  bed  Is  easily  followed  southward  from  the  railroad, 

***X  lies  at  but  a  little  way  eastward  from  the  ridge-ruad  leading  Irom  Tun- 

^^Iton  to  the  Northwestern  turnpike.    The  coal  Is  reached  nl  that  pike. 

^2*  ^^  of  the  ravinea  thus  far  are  deep  enough  to  expose  the  coal,  but  tliat 

--~*>r*ugb  which  Sandy  creek  runs  affords  good  exposures,  and  the  bed  had 

*'^»i  upened  at  several  places  along  that  slrfiam, 
_.     ^*«yond  the  point  where  the  ridge  road  reaches  the  pike,  at  say  five  miles 
*^Kxi  Tuiiuelton.  the  ravines  become  deeper  and  exposures  of  the  bed  are 
■Xkfrons.     Fits  were  seen  on  several  farms.     In  this  direction,  the  bed 
'mes  thicker  though  it  seems  hardly  to  improve  in  quality.     One  open- 
Mr.  Wolfs  farniat  about  eight  miles  from  Tunnellon,  shows  11 
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feet  of  cual  tcitlioul  any  perBtst«D(  parling,  though  Lh«re  are  many  um 
DiflcaDt  partmgB  which  coatlnue  far  bat  a  few  yards.  Thu  coal  nppcan 
be  more  sulphurous  here  than  it  is  nearer  the  railroad,  and  tbe  aab 
greater. 

The  bed  was  followed  northward  from  the  railroad  fur  sovenil  nul«,  b 
jta  structure  there  is  similar  to  that  seen  m  the  pits  on  the  railroad. 

The  dip  Ihrouglioul  is  north-westward,  and  the  undulaliouB  with  nape 
to  the  track  are  due  to  curves  iu  the  railroad. 

The  especial  ffature  of  the  bed  here,  aside  from  its  thicknwK,  is  i 
freedom  from  sulphur.  In  the  Ligonier  valley  of  Pennsylvania,  sccordifl 
to  Hr.  McCreath's  analyses,  the  sulphiir  in  Upiitr  Preeiiort  ooaX  mil 
from  1.414  to  4.7S0,  and  the  coal  rarely  yields  a  firm  coke.  The  a^h  ruii 
from  3  to  G  per  cent.  Further  south,  in  Upshur  and  Randolph  conntiM  ( 
West  Virginia,*  the  sulpliur  is  high,  and  the  ash  is  considerable  even  whs 
the  coal  Is  best. 

Within  the  area  immediatelj  under  consideration,  the  coal  from  tbia  bl 
yields  an  excellent  coke.  The  Austin  Company  has  found  a  ready 
for  i Is  product,  which  in  Chicago  competes  on  even  lerroa  with  the  Co 
nellsville  coke.  Several  car  loads  of  coal  from  the  vicinity  of  Tunnclli 
were  sent  to  ConnollaviUe  and  there  coked.  Two  loia  were  sent  lo  iJ 
Cambria  Iron  Works,  where  analyses  were  made  by  Mr.  Morrell  Willi  U 
following  results: 
Car  No.  1,  made  from  lound  eonl : 

Carbon 92, 04 

Sulphur 0.03 

Ash 8.82 

Car  No.  3,  made  from  ovterop  coal .' 

Carbon S8. 06 

Sulphur 1.41 

Ash 10.54 

Coke  made  from  coal  obl^ned  at  another  opening  waa  sent  lo  tho  B40 
Thompson  Siecl  Works,  where  it  was  analysed  by  Hr.  B.  A.  Ford,  wii 
the  following  results  : 

Fixed  carbon 86.1W 

Volatile  matter 0.87B 

Sulphur 0.887 

Ash 10.135 

These  teals  seem  to  have  been  sufficiently  extensive  to  determiiw  it 
value  of  the  coal  for  coking  purposes.  The  loss  in  coking,  aa  reported  bf 
Mr.  M.  L.  Schaefer,  Superintendent  of  the  Austin  Company,  ie  about  B 
per  cent,  indicating  a  composition  very  nearly  like  [hat  of  the  PillliMlfi 
ciml  bed  in  the  Conacllaville  basin. 
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It  is  eritlent  then  Mint  the  Upptr  Fretport  tool  b»d  in  this  region  will 
yield  n  coke  which  is  not  appreciably  inferior  to  ihat  made  ntOonnellBVille, 
Pennsylvaiiift, 

Few  detnila  were  gBtbered  respecting  the  general  section  exposed  along 
the  slope  of  Laurel  ridge,  as  all  deUited  work  was  stopped  hy  a  severe 
snow  sUirm.  A  bed  of  eannel  was  seen  ai  not  far  from  165  feet  above  the 
UpjMr  Fretparf.  On  one  side  of  Bandy  creek,  this  bed  shows  4'  8"  of 
canoel,  but  on  the  other  side  of  that  creek  it  shows  no  eannel,  and  coa- 
taitiB  only  bittiminoas  coal.  3'  0"  lo  i'  thick.  The  eannel  was  worked 
many  yeare  ago  for  disllllntion  of  oil,  but  the  works  were  abandoned  on  the 
discovery  of  petroleum. 

The  Prpeport  limeslone  is  present  ai  from  40  to  SO  feet  below  ihc  JTpptr 
FrMport  eoal  bed,  and  is  exposed  at  one  locality  [learly  three  miles  north  ftom 
the  railroad.  It  is  3  feet  thick,  and  rests  oo  a  bed  of  iron  ore,  which  is  SO 
inches  thick  and  very  persistent.  This  ore  was  mined  at  one  time  both  by 
I>etiching  and  drifting,  and  the  material  was  sent  to  the  Irontown  furnace, 
where  il  produced  a  foundry  iron.  It  is  too  cold-short  for  use  alone,  and 
lo  be  available  must  be  mixed  with  some  ore  containing  little  or  no  phoi- 
phnrue.  A  small  coal  bed  rests  on  the  limeslone,  and  another,  about  S  feet 
thick,  is  shown  at  nearly  TO  feet  lower. 


Mtmoir  0/8.  S.  IMdeman.  A.  M.,  PA.  D.,  etc.    By  D.  O.  Brinlon,  M.  D. 

{Rtad  befort  tJtt  Ameriean  Philoiuphieal  Soeitty,  Febr-aary  4,  1881.) 

In  presenting  a  sketch  of  the  life  of  the  late  Professor  Haldeman,  I  shall 
begin  with  his  personal  history,  and  tlieu  proceed  to  give  a  brief  account 
of  his  contributions  lo  scicace. 

Sftmnel  Stehnutn  Ilaldeman  was  horn  August  13,  1812,  at  Locust  Grove, 
»  Itcautirully  situated  counWy-scat  on  iheeast  bank  of  the  Susquehanna 
rli'er,  twenty  miles  below  Ilarrisburg.  The  house,  with  the  extensive 
property  surrottDding  it.  had  been  in  the  possession  of  his  anceslora  for 
several  generations. 

The  family  came  originally  from  Tliun,  in  German  Switzerland,  and 
were  an  energetic,  itadependent  race,  who  had  been  honored  in  their  day. 
Jacob  Haldeman,  a  great-grandfather  of  the  subject  of  this  memoir,  was 
chosen  one  of  a  Committee  c)f  Public  Safety  from  Raplio  township,  Pa.,  in 
revolutionary  times.  Frederick  Haldimand,  a  great-uncle  who  had  entered 
the  English  military  service,  heciime  Hrst  Governor-General  of  Canada 
under  that  rule.  John  B.  Halderoan,  a  grandfather,  was  member  of  the 
OencrHl  Assembly  from  Lancaster  county,  in  ITBB.  The  name  was  for- 
merly upelled  with  either  i  or  «  in  the  second  syllable  and  the  final  d  re- 
jected or  retained  according  to  the  language  of  ilie  canton  in  which  it  was 
ll  was  of  GemuiDic  origin,  Prof,  Ualdewsn  always  used  th« 
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He  was  the  oldest  of  seven  sons,  bis  parent*  being  Henry  lUtdemua 
(1787-1849)  and  Frances  Stehman  (1704-1836).  His  faiUer.  a  \tmt  at 
books,  endeavored  to  Tosler  in  tbis,  his  favorite  child,  a  de-?1re  for  Icamln^ 
0  impreaa  upon  him  its  Importance.  His  motlior,  n  1ndy  of  Uula- 
I,  df  ing  when  he  was  but  twelve  years  old,  liad  but  litlle  iofiOMca 
ft  bia  afler  career,  except  perhaps  that  his  great  nL'cumcy  in 

a  analyzing  unusual  eounds  in  language  nuny  have  been  inliertied  (ma 

T  wlio  iras  un  accorapUalied  musician.     His  early  education  was  punned 
at  the  local  schools,  supplemented  by  a  good  Dhrary  at  borne.    The  tiMT' 
able  opportunities  for  llie  obsorvulion  of  naluru  which  presented  dien- 
selves  he  improved  l)y  forming  a  boyisb  museum  couiniiiing  rodo  anMomi- 
cal  preparations  made  from  rabbits,  opossums,  muskrals,  etc.,  Mul  of  bMl^; 
which  u  traveling  Urtliodist  preaclicr  bad  t.iuglit  him  how  to  Stuff. 
extract  from  n  letter  to  a  friend,  dated  1844,  contains  those  words.  "I) 
lecied  shells  on  tbe  banks  of  tbe  Susquobanna  long  liefurc  1  hn«<ri 
meaning  of  genus  and  species." 

In  the  spring  of  1836.  when  nearly  fourteen  jeara  of  ago,  Ur. 
was  sent  to  the  Classical  Academy  of  Dr.  Jolm  H.  Eeagy,  nt 
Pa.,  a  gentleman  of  whom  he  always  sitoko  as  being  on  able  lliioker  wd 
thorough  scholar.  An  asaisiani  teaclier.  Hr.  J.  T.  Q.  Uiluig.  who  is  Jd 
living  at  an  advanced  age.  refers  with  enthusiasm  to  tbe  preoodlyiul 
Studious  liabits  of  his  pupil  «t  that  time. 

He  remained  at  Harrisburg  two  years,  and  tbeu  went  lo  Diclctnson  L'ol- 
lege.  Carlisle,  Pa,,  where  bis  taste  for  natural  science  was  encuursgct)  b| 
Prof.  H.  D.  Rogers,  subsequently  tbe  (list)  a  gu  I  abed  geologist.    But  bb 
early  freedom  and  the  bent  of  his  own  sturdy  genius  made  the 
of  a  college  coursi'  irksome,  and  alter  two  years   he  left  Carlisle 
waiting  to  obtain  a  degree  and  with  the  intention  of  pursuing  hit  UD^ 
alone.     lu  fhct,   the    lack   of  thorough  tenching  in  his  youth  liad  p< 
him  a  rooted  distrust  for  the  opinions  of  the  masses,  and  bad  ton 
habits  of  self-reliance  which  forced  him  to  lie  original  or  nothing, 
cannot  learn  fhim  others,  I  must  see  for  myself,"  be  would  imiMili 
exclaim,  and  thereu|x>n  would  proceed  to  investigate  on  assertion  will 
series  of  cross-examinations  such  as  were  well  calculated  to  develop  ' 
exact  truth.    In  after  years,  to  sec  some  poor  native  under  the  Sre  uf 
questions,  when  the  pronunciation  of  an  a  or  an  «  was  at  stake, 
painful.    His  horror  of  compilers  was  such  that  once  when  returning 
Europe,  being  reproached  for  having  written  such  short  letters  "wliffl 
sueing  BO  mucli  lo  write  about,"  he  characteristically  referred  Ihc  •pttktfi 
to  an  excellent  work  on  European  travel,  saying  that  na  cverylhlog  Id  * 
been  well  described  there.  It  was  nut  worth  vtbiiv  to  repeat  >L 

Thus  al  the  age  of  eighteeu  he  began  to  direct  his  own  etUfllM  ud 
accumulate  al  the  paternal  mansion  cabinets  of  geology,  concbology.  «» 
mology.  botany  and  a  scientific  and  lioguixlic  library.  Asibc  bluotlM 
opinion  rendered  It  necessary  tlmt  all  young  ineu  who  were  not  profealH 
should  go  bio  business,  he  assisted  his  ftther  in  conducclng  a  •aw-tnUli 
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a  n«wlj  acquired  property,  culled  at  Ihiit  time  Cbicklswnluiigo.  The 
young  student  found  btiaineas  even  more  t^dtoUH  Lliun  college  routine,  and 
relfUes  of  himself  at  tills  time,  "I  developed  n  taste  for  rainy  weather  and 
Impitcsdhle  roads;  tliun  I  could  remain  undisturbed  in  the  perusal  of  laj 
books,  a  supply  of  wliicli  I  kept  In  n  buck  office,  wbere  I  retired  as  soon  tw 
the  shy  looked  threatening."  This  taste  fur  rainy  days  was  not  lictitioua 
1  retuiiined  wliii  hiin  during  his  life. 
rZn  188S,  Mr.  Haldeman  married  Miss  Httry  A.  Rougb.  a  lady  -whose  emi- 
Itt  qunlitiea  and  devotion  to  his  interests  greatly  aided  to  render  his  after 
i  possible.  Ably  taking  upon  herself  lliose  aires  wbicb  a  growing 
Uij  entail,  she  Icfl  him  leisure  for  the  pursuit  of  liis  favorite  pfojects, 
a  in  consequence  uf  her  wish  that  be  wrote  his  essay  on  Anali/ti- 
WOrthegraphj/,  which,  though  not  more  important  than  his  other  works, 
fled  liim  an  European  reputation. 

Bfaortly  after  hia  marriage,  Mr.  Ilaldeman,  with  his  wife,  occupied  tlio 
■'*widpncc  built  for  him  by  his  fattier  at  Cbickies,  and  became  a  silent  part- 
ner in  the  ircn  buMncss  conducted  by  bis  lirothers,  Dr.  Edwin  nod  Paris 
Salijeman.  Here  iKxiks  and  cabinets  accumulated  under  his  laborious 
l^ands,  only  to  be  scnitered  again  and  give  place  to  others  when  his  insatia- 
ble appetite  for  kaowtedge  led  him  into  new  fields  of  investigation.  For 
trty-tlTe  years  be  spent  moat  of  his  time  in  his  library,  where  in  his 
vigorous  nianhood  he  worked  sixteen  hours  a  day.  For  though  he  sccepl- 
^^  several  professorahlps  und  delivered  a  number  of  courses  of  lectures,  he 
*^'<1  so  with  reluctance,  preferring  to  be  master  of  bis  time  and  to  spend  it 
*•"   the  quiet  of  home. 

In  person,  Hr.  Haldemun  was  of  middle  height,  with  small,  well  formed 
"•^nds  and  feet,  a  large  and  remarkably  round  head,  giving  great  breadth 
*^5rt3Bg  from  ear  to  ear;  high  forehead,  Roman  nose,  full  lips,  black  eyes, 
*'^*4  In  youth  a  quantity  of  black  hair,  which  at  his  death  was  of  snowy 
^^lalteness.  Long  before  it  was  usual  in  America  he  wore  a  moustache  and 
^^^rd,  not  for  adornment  but  for  convenience.  In  speaking,  be  had  n  clyar 
^*>Ui>ciation,  penetrating  voice,  and  much  readiness  at  repartee.  His 
***'>veinentfl  were  rapid,  his  disposition  clieerftil,  Uls  general  health  escel- 
^^•»i,  and  bis  interest  in  science  unflagging  to  the  euilj>f  his  life,  his  iateft 
^*Hstipfttion  for  leisure  moments  being  the  forming  of  mi  archte'dogical  col- 
^crtJuo,  In  wbieh  he  took  great  pleasure,  and  the  advancement  of  the  spell- 

^^       *H»  dnnth  look  place  suddenly  at  seven  o'clock,  Friday  evening,  Septem. 
^I*   1(1,  leeo.     On  rclnrning  from  Ihe  meeting  of  tiie  American  Assoeiatiim 


*v>. 


I.hc  Advancement  of  Bcience.  held   at   Boston,  August  •iSH,   he  eom- 


*^^^iiiFd  of  fatigue,  but  insisted  on  occupying  his  library  as  usual.     A  phy«i- 
~      ,   being  sent  for  advised  rest,  but  it  vita  only  on  Friday  morning  that 
IHIUI  be  induced  lo  kocp  his  tied.    The  physician  paid  him  a  long  visit 
\mj  klternoon,  and  Hr.  Haldcman  conversed  cheerfully  for  nliout  an 
:;$(llyoi]Co  be  complained  of  weakness,  and  fixing  his  eyes  on  the 
"Do  you  think  thia  could  tie  ibc  breaking  up  of  my  sy«-_ 


tern  7"  but  seemed  sitiisfied  when  the  doclnr.  surprised,  aoanercd  "X< 
A  few  hours  iifierward,  Uaviag  rlson  from  hie  iK^d  without  assietance. 
SOD.  who  was  in  tlie  Dsxt  room,  beard  a  fall :  in  a  moment  be  waa  by 
side  nod  lind  Inlcca  him  in  his  arms,  but  ihougli  every  means  was  rraoi 
to  tliat  aoimation  miglit  lie  restored,  life  had  deiiarled. 
aioned  by  a  disease  of  Ilie  lieart.  to  wliicb  be  had  sorai 
poitliiuu, 

I  may  odd  to  tbe  above  some  iwraonnl 
Haldemaa'B  cbarocter,  communicated  to 

Like  moat  men  or  high  impulse  and  ni 
for  bim  to  suspect  deceit  in  others. 
Barlier  a  small 
scribed  it  as  o 


Death  was  ■; 
bereiiiiArjr  pr 


illiisiruing  F 
by  Prof,  B.  A.  Bur'ber,  «f  i 


truth  fulnees,  it  waa 
:  occasion  he  altowud  Pi 
ornament  sbiL]ied  liiie  a  dsb,  and  enthusiastioallj' 
of  (be  "Sods"  in  Ihe  Himous  "Chlckies  rock 
With  some  hesitation  his  auditor  pointed  out  eertaln  suspicious  markail 
it,  and  suggested  the  pH»sitii1ity  tlmt  it  liiid  been  manufactured  bj  ooi 
the  iKiys  engaged  iu  tbe  excavation.  Fur  ilie  flrsi  time  tiia  idea  of  I 
an  lm|M>sition  crossed  bis  mind,  and  Airtber  invest!  gal  ion  led  to  a  con 
sion  of  tbe  act  by  the  perpetrator. 

It  was  tiis  taste  and  apparently  also  tiis  theory  that  a  student  abould 
Ite  a  specialist,  but  should  devote  bis  mind  to  different  branches.  thiuM< 
ing  wider  knowledge.     In  a  conversation  with  Prof.  Barber,  be  once  a 
"I  never  pursue  one  branch  of  science  more  than  ten  years,  but  laf 
aside  and  go  into  new  fields." 

As  a  correspondent,  be  wrote  frequent  letters,  but  brief  nnee,  and  ge\ 
ally  was  an  enemy  to  prolixity.  In  one  of  his  letters  he  wrilca,  "  Youi 
think  Ihe  enclosure  rather  short,  but  I  dislike  jMlaver,  iiud  like  to  aay 
fciy,  then  slop," 

This  trait  shows  itself  in  bis  writings,  Ilis  style  is  terse  and  aerttm 
and  bis  matter  shows  constant  evidence  of  carcfhl  arrangement,  so  aa 
secure  the  utmost  cun^ensHtion  compatible  with  clearness. 

Professor  Haldemsn's  religious  views  were  lixed  fur  many  years 
his  death.  Born  of  Protestant  parentage,  he  was  led  in  early  life  to  dotll 
tbe  theology  which  he  heard  taught  in  the  sciioois  and  preadied  In  tl 
pulpits  of  Central  PennsylvaDia,  and  for  a  term  of  years  did  nut  attach  bl* 
self  to  any  sect  or  church.  Later  on  be  took  up  iba  systematic  atndj  <^<i 
evidences  of  religion,  convinced  that  this  ia  a  subject  on  which  evny  n 
of  Intel ligenco  should  have  definite  and  defenBible  coovicliona.  Tb« 
of  his  studies  was  thiii  ho  united  himself  with  the  Roman  Catholic  Chun 
which  he  stated  he  had  found  to  be  the  earliest  historic  form  of  Chritlll 
Ity.  and  ho  remained  a  consistent  member  of  that  conressioo  noiU 

Early  distinguislicd  as  a  devoted  student  of  natural  scicnee,  T 
Haldemun  was  selected  to  fill  various  public  po^iitions  as  an  cxpen  U 
teacher.  In  1836  be  was  chosen  un  assistant  iu  tbe  New  Jeisey  Gcolo^ 
Survey,  and  ibe  rollowing  year  held  a  similar  olHco  in  Pcnnsylranla,  a 


*0«>  IBrinton. 

pr«pured  a  work  oD  tlio  geology  oi  thnt  pat  C  of  this  State  lylog  between 
tlie  Blue  moimtnio  and  Soutli  mounluin,  from  the  Delaware  to  tbc  Mary- 
land line,  which  wns  publlslied  May  tat,  1937.  While  engiigcd  in  this  oc- 
cupaiioD  he  discovered  the  Seolil/iti*  tint/irii,  ihe  oldest  ToBsil  then  known. 
In  1851  he  beeame  Professor  of  Natunl  Historfiu  the  Uiiivcraily  ofPenn- 
■jrlvanU ;  in  185^,  in  Deiiiwnre  Cullege,  acting  also  as  Profeesor  of  Oool- 
Ogyand  Chemistry  to  the  State  Agricultural  College,  and  subsequently 
became  Professor  of  O'lmpuntlive  Pliilulogy  in  the  drst-nnnied  institution. 
when  thai  dinir  was  first  eslalilislied,  und  Hiled  It  coDtlnuDUsly  up  to  the 
lime  of  liis  death. 

Turning  now  to  his  record  as  an  author,  we  llnd  ProfcHsor  Hiildeman 
displsycd  amazing  acii-vity  in  a  variety  of  branches.  In  his  earlier  years 
natural  history  was  bis  passion,  while  in  his  Inter  life  linguistics  and 
srcliteolngy  occupied  most  of  his  Htleullnn. 

The  first  work  which  I  can  find  assigned  to  him  was  "Fresh  Water 
Uniralve  Mollusca."  ptiblished  in  1S40,  3  vols..  8vo,  which  ia  now  out  of 
print.  This  book  is  very  scarce  and  it  ia  difiiealt  to  obtain  a  copy,  the  last 
tme  that  was  Bold  bringing  thirty  dollars;  in  1842  he  published  "Zoolugl- 
<m1  Contributions:"  in  1847  he  issued  a  work  on  the  "Oenus  Leploxia," 
ia  French,  while  on  a  visit  to  Paris.  It  is  part  of  the  Itluitratioiu  Oort- 
cltalagiguti  of  Dr.  Chenu.  In  1849  he  issued  his  tirsl  philological  work, 
entitled  "Some  Points  in  Linguistic  Etiinology."  dealing  with  English 
laDguages,  and  from  that  date  he  became  recognized  in  the  soieotiflc  world 
tat  one  of  the  leading  philologists. 

Id  1850  he  published  a  work,  "  Zoology  of  the  Invertebrate  Animals ;" 
bi  1851.  "Elements  ofLatin  Pronunciation;"  in  1855  be  edited  "Taylor's 
SlatislicsofCoai;"  in  18SI1,  a  work  on  the  '  Relations  of  the  English  and 
Chinese  Languages;"  in  1804  he  issued  a  work  on  the  game  of  chess  under 
the  title  of  "Tours  of  B  Chess  Knight ;"  and  in  1808,  the  "  Rhymes  of  the 
Poets,"  under  the  uom  de  p!umt  of  "Felix  Ago;"  in  1871  he  issued  a 
^rork  on  "AlSiea  to  English  Words,"  and  in  1877,  bis  last  work,  entitled 
"Outlines  of  Etymology, "  was  piibliabed. 

Tlie  Professor  leaves  liehind  him  a  eomplcle  work  on  "Word  Building," 
■which  is  designed  for  the  use  of  classes  in  Etymology,  and  which  is  ready 
for  the  printer:  also  a  work  on  "English  Prosodj-."  He  also  leaves  the 
loannscript  ofRal  and  River— a  Tale  of  the  Ohio,"  a  mock  heroic  poem, 
juad  n  {Miem  of  the  same  kind  entitled,  "  F'liglil  of  the  Pislies." 

In  addition  to  these  works  lie  has  contributed  probably  one  hundred  and 
fifty  inpcrs  on  various  acientillc  subjects,  especially  relating  tu  Geology, 
Conchology,  Entomology,  Philology,  and  several  branches  of  Zoirtogy, 
which  have  been  published  In  the  Proceeilings  of  the  American  Aseocla- 
tian  for  the  Advancement  of  Science,  the  Americaa  Plillosophical  Society, 
Americitn  Philological  Association,  Academy  of  Nnturtkl  Sciences,  and 
many  other  learned  societies  of  which  he  was  a  member.  This  Society  is 
_  Jiow  pulilishing  in  their  TranEUictions  a  monogmph  on  ''Contents  of  a 
^^BmIe  Retreat  in  Soathoastem  Pennsylvania,"  which  Is  descriptive  of  the  ■ 
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lodian  arrow  heads  iLDd  other  relics  TouDd  in  Llie  cave  under  Cfaicklei  n«k. 
He  was  Uio  firat  odUor  of  ihe  PennsylTanii  "  Fanners'  Journal,"  a 
iribulorio  "Silliman's  Jouraal,"  llie  " IcoiiograpLic  EncyclopiedUi"  tlM 
"Literary  World,"  und  Johnson's  Cyclopedia. 

Of  the  Inlter  he  was  atsu  an  associate  editor  of  Uto  Comiwraii  ve  Phll'ilng* 
and  Linguistic  depiinmcDt.  und  was  the  author  o(  numerous  nrlieles  ii 
He  also  wrote  two  or  three  manuals  of  orthography,  pronunciation  and 
etymology,  and  bis  treaUse  on  "Ajialytical  Ortbogmphy,"  cunHstli 
InTestigatjona  into  tlie  philosophy  of  language,  gained  him,  in  1658,  tLs 
highest  Trevelyan  prize  over  eighteen  comi>elitors.  He  wrote  the  XOulo^> 
oal  portion  of  Trego's  "Geography  of  Pennsylvania  "  <1843i.  aikd  Rain>'* 
"  History  of  lAOCiiBter  County  "  (1844). 

I  have  endeavored,  without  success  to  prepare  a  compli^te  list  of  il 
QUmeroua  t'aiwrs,  and  must  content  niysulf  with  the  above  general  tetet- 
ences  to  them. 

In  conclusion,  I  wish  to  present  an  apiirecintive  tribute  tu  Prot,  Halde- 
man's  scientLflc  attainments  from  ihe  pm  of  his  personal  Triend  and  « 
much  esteemed  member.  Dr.  John  L.  LeOonle. 

"Next  to  his  valuable  contributions  in  Philology,  the  most  iin|M>nut 
work  of  Prof.  Haldemnn  was  in  the  direction  of  [Icscrlplirc  Natural  Hii- 
lory.  He  was  well  versed  in  several  branches  of  Zoology,  and  poi^ly  in 
Oonchology  and  Entomology;  in  both  siadies  he  perceived  latent  p> 
bilities  of  future  philosophical  development,  which  the  then  imporbrt 
obeervatloDS  rendered  ini|xissib1e  to  do  more  than  dimly  outline.  Thi* 
quality  is  especially  noticeable  in  remarks  scattered  through  his  manognpk 
of  Fresh  Water  Univalves  of  llic  United  States,  and  ill  a  memoir  ;*  '  £ii» 
meracion  ofthe  recent  fresh  water  MoUiisca,  which  are  cumnion  to  North 
America  and  Bnrope,  with  observations  on  species  and  their  duttribolIoD.' 

"Without  being  a  pnKisan,  any  more  tlian  myself,  In  tlieM^ientificstfnab' 
ble  which  then  provoked  much  bitterness  of  e.ipression  between  tlio  cuotend- 
ing  bctious,  but  which  has  since  dwindled  into  comparative  insigniOmnoa 
— the  single  or  multiple  origin  of  man — we  held  frequent  conferences  opoa 
the  subject.  And  in  these  lYiendly  talks,  I  have  heard  him  expreas  Unwd^ 
ttoe]y  on  tbe  imposslbilliy  of  the  results  of  the  naturalist  (now  the  t 
gist),  being  ever  acceptable  to  the  itdherenia  of  the  si^lioUstic  achM^ 
'For,'  said  he,  'if  it  be  proved  that  organic  forms  are  invariable  dniioc 
their  continuance  upon  earth,  then  tiie  different  human  races  mast  be 
sidercd  as  having  originated  independently.  If  on  the  other  liand,  otgule. 
forms  are  plastic,  under  circuimtanues  not  yet  uudereloud.  then  the  pretent 
species  may  have  been  developed  from  species  which  preceded  tltem,  M 
have  not  resulti^d  from  direct  creative  acts.  Either  horn  of  the  ililemnu  II 
II nsBtis factory  to  tlie  melaphysiual  views  prevalent,' 

"  While  his  contributions  to  tbe  two  branches  of  Zoology  above  menlloatd' 
have  contributed  to  their  advance  in  tliis  country,  what  are  c»|>odst|f  ti 
be  admired  are  the  zeal,  the  honesty  of  exprcasion,  and  the  iinwilHihiiW 
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wUU  which  he  did  everything  be  believed  to  be  right,  or  to  be  hla  duljr  aa 
tbc  ocoLBioa  dictnied. 

"  Wlien  in  affluence,  bis  eon iriliut ions  for  Uie  promotion  of  science  were 
litienil.  When  in  modernte  eircumetaDces,  he  pursued  with  equal  induBtry 
Huch  Bubjecis  in  sclvnce  ua  required  small  exp(!ndiluri>.  But  at  all  limeB  lie 
ms  an  industrious  and  intelligent  laborer,  a  warm  and  sympatlietic  friend, 
»nd  a  lliorougli  linler  of  pretence  and  empiricism. 

*'  Failing  eyeaiglit  compelled  him  eventually  to  give  up  his  studies  in 
Zoology,  and  to  devote  his  ivhole  time  to  Linguistics,  for  which  he  had  ex- 
hibited a  growing  Inste  lor  several  previous  years. 

**  The  rare  Kexibility  of  his  vocal  organs  gave  liim  peculiar  facility  for 
analyzing  and  imilatiug  the  sounds  in  foreign  languages,  which  he  never 
loat  any  opportunity  of  hearing  in  his  travels,  both  in  this  country  and  in 
Europe.  In  this  matter  his  Natural  History  training  in  accurate  observa- 
tion, aided  by  remarkable  perceptive  qualities,  gave  him  great  advantage, 
and  I  am  convinced  that  his  analysis  of  the  causes  of  change  of  sound  In 
words,  in  passing  from  one  language  to  another,  will  hereaner  receive  much 
more  attention  Hum  they  have  horetofore  done  in  this,  tlie  country  of  bis 
tiinb,  where  such  investigations  are  still  in  tlielr  infaucy." 

^^^^A  letter  acknowledging  Diploma  was  received  from  A, 
Akermaii,  dated  Stockholm,  Jan.  16,  1881. 

A  letter  requesting  missing  numbers  of  the  Proceedings 
was  received  from  the  Rhode  Island  Historical  Society, 
February  14,  1881. 

A  letter  respecting  the  third  part  of  Transactions,  Vol. 
XV,  was  received  from  E.  A,  Barber,  4008  Walnut  street, 
Philadelphia,  February  14,  1881. 

Letters  of  acknowledgment  were  read, 

Donations  for  the  Libmry  were  received  from  the  Mining 
Snrveyors  at  Melbourne;  the  Zoologischer  Anzeiger;  the 
Ae^einia  dci  Lincei;  the  Academy  at  Brussels;  M.  Deleese; 
the  Revue  Politique;  Loudon  Nivture  ;  Journal  of  Forestry; 
Mr.  T.  S.  Brown,  of  Montreal ;  Essex  Institute ;  Poughkeep- 
tof  Natural  History  ;  Mr,  B.  A.  I 


Staled  Meeting,  February  18,  1881. 

Present,  12  members. 

President,  Mr.  Fralet,  in  the  Chair. 


Magazine  of  History;  Franklin  Institute ;  Medical  New*} 
Mr.  T.  Meehan  ;  Mr.  H.  Phillipa,  Jr. ;  Naturalist's  Leiaiire 
Hour ;  State  Board  of  Agriculture  ;  Johns  Hopbina  ^JQiv6^ 
sity;  Lighthouse  Board ;  American  Antiquarian  Society; 
Wisconsin  Historical  Society  ;  Robert  Peter,  M.D.,  and  the 
Asiatic  Society  of  Japan. 

The  death  of  the  Rev.  K  A.  Washburn,  D.D.,  at  JTew 
York,  February  2,  1881,  aged  68  years,  was  announced  by 
the  Secretary. 

The  death  of  Auguste  Mariette  Pasha,  at  Cairo,  Jan.  19 
aged  60  years,  was  announced  by  Mr.  Lesley,  with  a  skdtdl 
of  his  career  aa  an  Egyptologist. 

A  communication  was  read,  entitled  "  On  the  course  c 
Fossil  Botany,"  by  Prof.  M.  B.  Renouf,  at  Paris,  by  Le 
Lcsquereux. 

A  copy  of  the  original  photograph  of  the  nebula  in  Orioa 
was  presented  by  Dr.  H.  Draper. 

A  communication  wa^  read,  entitled  "On  certain  oU 
Almanacs  published  in  Philadelphia  between  1705  and 
1744,"  by  Henry  Phillips,  Jr. 

The  minutes  of  the  last  meeting  of  the  Board  of  Officen 
and  Members  in  Council  were  read.  On  motion  the  actios 
of  the  Board  in  disposing  of  certain  old  newspapers  by  ( 
sentation  to  the  Pennsylvania  Historical  Society  w»8 
proved. 

Th«  following  report  of  the  Chairman  of  the  Committ 
on  the  Michaux  Legacy  was  read,  as  follows : 

Report  of  l!io  Cliainnun  of  the  Committee  on  the  Miclinux  Lesacjr  t 

Hair  of  the  Income  ofllie  legacy  for  the  last  year  was  duly  poW  owrl 
the  Treasurer  to  the  Treasurer  of  Ihe  Fairmount  Putk  ComiulssiuDen  " 
has  been  duly  applied  to  Ihe  cultiVaiioQ  and  diatrlbutloii  of  ireoi,  pwtll 
in  Park  planting  and  partly  lo  others. 

The  other  halfwos  not  all  spent  because  Professor  Rothroc^  onlydl 
livercda  half  course  of  Boren  lectures  in  the  Park,  as  hu  ilesired  logo  id 
went  in  the  early  summer  to  Strasburg  tu  perfect  himself  in  Oemuo,  u 
lo  pursue  bis  Imianlc&l  studies  under  Professor  Do  Biirry.  Tbiirii  WM  « 
increased  attendance  and  interest  in  Dr.  Rothrock's  Inst  spring's  IcetaiM 

Owing  (o  but  a  dividend  of  33  per  cent,  having  been  receiv«l  fiw  ll 
Auxiliary  Faculty  by  ihe  University  from   Dr.  Wood's  estatn. 


Iljeaquereux. 

rock  will  have  but  one-iliird  bis  ububI  incumt.'  from  tliat  chair.  It  is  im- 
portant tliai  we  keep  liim  in  PbilndelphlB.  I  Ibereruro  recommend  an  a[h 
proprialion  of  9330  for  a  courso  of  Touneen  lectures  in  llie  Park. 

The  jear  1880  wub  mosl  Bbundant  in  tree  seed,  nod  tUe;  were  gatbered 
in  qiunlllics  mucb  greater  than  erer  berure  and  in  more  va^rleties.  We 
have  planted  the  Hardy  Calaipa  In  large  quantity  and  bave  tlie  Bcud  for 
planting  this  spring  ;  iileo  the  needs  of  tlie  White  Cedar,  both  very  valua- 
ble for  enduring  wood. 

Eli  K.  Pbicb,  Chairman,  ^e. 

It  waa,  on  motion, 

Rttolwit.  That  (330  bo  appropriati^d  for  ilie  Michaux  lectures. 

On  motion  it  was  resolvmi  that  the  whole  subject  of 
stereotyping  and  printing  separately  the  publicationa  of  the 
Society  for  convenience  in  meeting  such  requests  as  that  of 
Mr.  Barber,  in  hia  letter  of  the  4th  inst.,  be  referred  to  the 
Committee  on  Publication,  with  the  Treasurer,  to  report. 

New  nominations  Nos.  928  to  931  >vere  read. 

And  the  meeting  was  adjourned. 


¥ 


1  Court  (Id  Botaniqut  PaHilt  by  Prof.    M.   B.   RenauU. 
By  Leo  Ltiqutrettx. 


(Btad  h^ore  tht  American  Philotephical  Societg,  Ftbruarji  II 

la  UiiB  course  of  lectures  given  by  Prof.  Renault  in 
natural  Iiislory  ol'  Paris,  Ibe  aullior  gives  very  interesting  details  on  tlie 
neolta  lie  lias  obtained  from  analomical  analysis  of  silicified  specimens  of 
fossil  plants.  Tlie  volume  recently  piibtisbed  exposes  the  characters  of  a 
•ingle  group,  the  Ciradea,  which  the  cclcbriktcd  phy to- paleontologist  has 
Ibllowed  in  all  their  subdivisions  and  modiBcatlons  from  the  present  ago 
to  the  Devonian.  These  reaearchee  throw  some  new  light  on  the  nature 
or 'ntenulBtmctureofsome  phiniaof  the  coal  measures,  eBpeciaily  the  OoT- 
iaiU*,  tbe  SiffSlaria  and  Stigmarus. 

Prof.  Renault  divides  llje  Oieadait,  from  the  slructare  of  the  wood, 
trunks  and  leaves,  in  five  groups  or  families,  whicli  from  a  difference  in 
llir  euonilal  cliaracicrs  of  the  wood  he  subdivides  in  two  seclions,  A.  B. 

Tltc  plants  are  composed  of  vascular  vessels  forming  two  juxtaposed 
wooAy  pans  inversely  increasing  the  one  toward  the  ccDlri)  (cenlri petal), 
Um  other  toward  the  ouialde  (ceulrifugal).  This  double  increase  is  going 
oo  in  both  ilie  leaves  and  the  stems.  To  section  A.  are  referable  tite 
OieadMi.  tlie  Ziimiir,  ilie  Cieadotyla.  and  the  OordatUi,  to  B  the  Poroxj/ta 

il  Uit:  8(glUaria  with  tbe  BtigmaTias. 
B  Cordaitet  and  the  Sigiltaria  being 


I  well  known  from  American 


■ux.) 


rr 


■pcclniens,  ire  Uie  only  of  tlieae  rumllies  trhicli  are  interaeting  to  Ute 
tsnical  pnlconl«lugy  of  tliia  cniintry. 

For  llio  Oerdailri.  Prof,  Renault  lias  given  very  detailed  aiuitoml«a] 
scrintlons  and  8plondi<l  illustration 8  or  all  tlie  oreana  of  tliMe  pUnts, 
complete  tudocd  lu  if  they  lind  beeti  niade  rrotn  living  vcgctnbli  ~ 
dovol(i|)i)ieiit  of  Ihe  plaals  is  followed  from  ttic  fertiliZHiion  of  thii  ovaJ 
for  grains  of  pollen  have  been  discoverod,  by  verliotlly  cutting  tlie  a 
bryouic  bodies,  one  already  enclosed  into  tbe  polllnic  cliamber.  two 
ibcm  still  on  tiK-ir  way  downward  in  the  pollinic  tulw. 

Tbe  flrsl  of  tliese  grains  is  fiilly  rlpi^  as  recognized  by  (lie  KOllior,  wb 
hiLs  twen  enabled  to  see  a  dificrence  in  tlie  mode  of  fcrtillKalion  fmm  til 
difference  of  sine  and  slruciuro  of  the  grains  of  |xi|lcn  wliicli 
fiisnly  disseminated  around,  at  Ibe  Carl>nQir»rouB  epocb.  as  are  tboscflflk 
Conifers  at  our  lime.    When  found  in  a  state  of  dissemination,  thi:  gnh 
of  |>oll<!n  of  the  C«T<lailti  are  already  a  Ibird  larger  than  tbose  sEllI  Used 
the  anthers,  and  they  appear  then  composed  of  an  ialemal  globDle<eiU 
and  of  an  outside  pnvelopc  (extine) .    On  the  grains  still  placed  in  tix 
linic  tube,  the  fertilicing  globule  is  more  dislinct.  sod  nian>  dislinetly 
rated  from  tbe  envelope,  'while  tbe  grain  placed  in  Ihe  polHnlc 
Eiill  larger,  and  its  two  pans  more  distinct.    It  seenu  therefore, 
to  the  remarks  uf  tbe  author,  that  in  their  eilt  from  the  antbers.  the 
linic  grains  are  not  fully  ripe  or  prepared  for  the  act  of  fccondsiiun, 
that  they  liave  need  of  a  second  process  of  evolnlioo.  while  enclosed  la  thI 
pollinic  chamber,  for  a  full  separation  of  the  cellsand  tbe  camplvtion  uf  ti 
fcrtiliaing  action.   This  proceee  differs  fTom  what  is  remarked  In  Um 
of  the  present  lime,  by  tbe  fact  only,  that  now  tbe  poltioic  grain  is  aJ 
perfect,  when  it  becomes  detached  from  tlie  anther,  aad  is  nnt  mrrai 
by  a  merobnno. 

The  wood  of  ll>«  iranks  of  Cerdailoi  is  composed  of  a  tUek  p 
medullary  cylinder,  which  is  genorallj  known  under  Ihe 
or  Sl4riit€rj^a.  The  medullar  cylinder  very  rambk  is  tUcfaMW 
oslaie  lenglbwise  and  tnnsveraely  narked  by  cIom  ftuS 
nrs.  somelimes  anastomosing  with  eacib  Mber.  The* 
IS  ser<n   from  the  anatominti  anatyxb  of  8l)[e96e<l 

y  tranarersal  bands,  which  in  tho  living  p4aata,  prniluarf  k  iMt 

kM  of  the  medial  cyluidcr  Into  as  many  empty  cmrsUcm^  cMh 
«]ic«uliug,  by  coainetioN  oTthe  ssffteetto  «■  oatrid*  Atmw. 

Tbe  wood  iiMir  is  ftinued  in  in  inside  pnn.  or  in  coMact  «Mk  B 
iMiiiillarT  axis,  of  two  loaes  :  tbe  iAsideaf  Uw  IbMls  entnpoaed  oTaaaM 
a*d  spiral  trachids.  Its  nqtside  of  ndhuc  and  raticalat*  ««ms  MpaaMi^ 
Ibe  mrduUary  nys.  The  trKUd*  irf  tUs  hat  mam»  gndoally  pMi,  If  I 
fnbrgingoftheBtriBoriheirwalla.latopaMtaieuicMd^«bkfe4i  ~ 
a  aocoed  woody  aoee,  whidb  it  of  ooasidenUe  thtduni  tn  I  ~ 
«»d  alw«]ra  <tmpeatd  of  ti»ckid>  with  ormlale  (vrftmlaa^  | 
wdiattaf  atita;  Kod  wefmnted  abo  by  aedonoiy  laym.  Ttoa  ~ 
nalMI  jbyMfl 
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in  tbe  puntre  by  Bninl!  pores  or  inclined  fissures,  wliicli,  by  cootreciion  or 
'<rid«Ding.  bc<Mimp  ell1|iiicn1  or  rounil.  la  badly  prcBervetl  or  old  npccimens 
Ibe  pores  occupy  neurly  thu  wliole  8|)ace  of  llie  areoles. 

The  chflrttcters  of  llie  wood  of  GoriaiUi  &s  exposed  above  are  much  like 
tlioeti  of  Ihe  wood  of  sunie  Conifers,  and  from  this  nfflnily.  Ilii'  fossil  fmg- 
menl&  of  wood  or  trunks  discovered  in  tbe  Devon  Ian  nod  tiieCarboniferoua, 
lutre  been  generally  referred  by  aulbors  to  Oouifers,  DadoxyUtn  Endl., 
AmuearUt*  Occpp,,  Pinitti  Lind.  and  Hutt.  ar^  nil  referalile  \a' C'<rdiiUu. 
It  is  now  well  known  tlmt  Lomulophloiot,  lo  wliicb  Corda  referred  tlie  me- 
dullary cylinder  of  Artitia,  lias  a  far  different  kind  of  pith. 

Cunsidering  especially  Ihe  struelure  of  llie  trunks  of  Oordaitet  and  the 
chsracter  of  the  frucliScatlona,  Prof.  Iteiiuult  finds  a  reluTion  between 
tbwe  pknlB  ftud  ihe  Cyeadnt.  fmni  whicli  they  greatly  differ,  however, 
hy  Iheir  mode  of  growth  und  stature.  The  disposition  of  the  dowers  has 
■oiB«  analogy  with  thut  i>f  the  Tatinet  or  Otnttacra. 

Tbe  PoroxijUit  do  not  offer  any  remark  applicable  to  what  Is  known  of 
fiMsil  plants  of  this  continent.  They  ari?  represented  by  fossil  trunks,  of 
which  three  species  are  described  by  the  author. 

The  SIgiliaria  Mii-itiA  Btigmarim,  on  ihe  contrary,  are  of  peculiar  interest 
on  account  of  tbe  great  abundance  of  Ihcir  renialns  disseminated  over  and 
in  Ibe  whole  tidcbiiess  of  Ibe  American  Coal  measures,  sometimes  constitu- 
ting whole  strata  of  combustible  mineral. 

Prof.  Renault  Rnds,  in  tbe  wood  oi Sigiilaria",  medullary  rays,  an  endog- 
enous and  an  exogenous  zone,  and  vasculur  fiiacicles  originating  between 
UiP  zones  and  coiislitutliig  tbe  strings  of  vessels  entering  and  eonipnsing 
the  leaves.    These  cbaraciers  relate  tbem  to  phauogamous  gymnosperms. 

Prom  analomicnl  rcaearclies,  Brongniart  had  come  to  the  same  conclusion, 
irbicdi  is  supported  also  by  Stiporta  and  tirnnd  'Eury,  On  the  contrary 
Profe.  Booker,  Williamson.  Binney  of  Eugland.  who  have  pursued  re- 
peated observations  and  made  uiimerous  and  very  careful  anatomical 
Bnalysie  of  the  wood  of  Sigillaria,  find  in  it  tbe  characters  of  Lycopo- 
diaceous  plsnls.  and  relate  tbem  lo  Ltpid-dendron. 

Tbe  discordance  of  views  may  result,  as  supposed  by  Prof,  Renault, 
Itom  tbe  difference  of  age  of  tlie  plants  from  which  were  derived  the 
Specimens  subjociL'd  10  amtlysie.  But  the  supiMisltion  is  strongly  contra- 
dict«d  by  Prot  Williamson  In  a  recently  published  paper,  on  the  organi- 
zation of  tbe  Fossil  Plants  of  the  Cool  measures.*  To  follow  the  deiails 
of  tbe  discossion  on  this  very  interesting  i^ucsUob  it  would  be  necessary  to 
baTe  till'  iUuaiialious  under  the  eyes. 

We  have  no  means  of  comparing  Ibe  determination  of  the  celebrated 
ftutbors.  All  that  I  know  and  can  see  from  American  specimi'ns  of  tbe 
ouuide  characters  of  Ltpido^tndronitDd  StyiUana  indicates  a  close  typical 
relation  of  both  genera,  and  therefore  in  Ihe  U.  S.  coal  flora  I  have  placed 
tbe  genus  Sigiilaria  in  the  Lyeopndiaeta. 

Stiffmaria  necessarily  fallow  Sigiilaria  ;  for  remains  of  Btigmaria  have 

•rroc.  or  the  Roynt  Sqc.,No,  203. 1830. 


been  found  atUichcd  lo  trunks  of  SigiUaria  i 
mark  pUnis  Imve  been  geoerall;  ndmittod  » 


ta.    Prom  tbU  &ct  Btlj- 1 
e  roots  And  n  re  bo  lit  ocr*' 


On  ihls  subject  Prof  WilllamsoD  Buys,  tliftt  Stigmarln  belongB  alike  toi 
Ltpidodmdrvn  am)  to  SigiUaria  aa  root.  I  liave  never  seen  nnjr  pontiTe 
relntioQ  of  these  two  gcni'm  of  planls,  or  never  found  sid^  remains  n(  Stif- 
maria  in  conuuulion  with  tliose  of  Lcpidodeodron.  Even  in  what '^ 
Bccms  lobe  ft  ci'eeping  stale,  or  rooting  like  timt  of  some  Ljroopcxis,  the«nUW{ 
iDieriezled  si^ms  of  Ltpidodendron  exactly  preserre  tlie  peculloj'  funB  of  i 
tiicir  leaf-scars  and  never  hsve  round  areoles  like  Stigmaria. 

Wliat  was  known  formerly  of  the  strncture  of  tbuse  planie  by  Ifie  b: 
tOQiical  analysis  of  phy  to  paleontologists  Is  confirmed  liy  tlie  rescarcbca  uf ' 
Prof.  RenaulL  However,  from  liie  mode  of  life  of  the  Sligmarta  which  . 
Id  certain  cases  and  for  long  periods  of  time  ap|>e<ir  to  have  hod  nn  Inde- 
l>ondeat  vegetation,  lie  supposes  thai  those  plants  are  of  two  kinds  ;  Mmt 
roots,  others  rbizomas. 

Id  transversal  section  of  Stigmaria  JUoiJtt .  he  lins  observed  as  obllqOelf 
traversing  the  woody  cylinders  two  kinds  of  vosculnr  fosclclPB,  Iho  flni 
numnrouB,  reaching  to  the  oalside,  irue  vascular  bundles  of  leaves;  th«\j 
others  less  numerous  in  the  interior  of  the  wood,  which  represent  fnsciol», 
of  roots.  Hence  In  certain  circumstances  Sligjnaria  plants  bear  Icatm^ 
in  others,  fascicles  of  roots  may  be  developed. 

I  have  already  at  different  times  exposed  my  views  on  the  variable  Di 
of  these  plants  according  lo  their  mode  of  vegetation,  Tliey  have 
more  recently  resumed  in  tlie  description  of  the  genus  Stigmaria,  Coa^ 
Flom  of  Pennsylvania  and  llie  United  States,  1881,  page  500,  ftc.  ami  I 
think  that  Ihey  agree  in  all  essential  points  with  tlie  opinion  of  tlie  Fr«nab 
author.  Stignarite  as  stems  (or  rhizomas}  have  lived  indopendeully  ft 
for  long  periods  of  time  floating  at  the  surface  of  the  swamps  of  tkn  Car-, 
bonlferous,  or  covering  the  soft  mud,  vrithout  producing  any  fVucIidcalioas^ 
In  this  ease  the  stems,  horizonlal,  rarely  branching  (dichouimoos),  | 
serve  a  uniform  siee,  and  bi-ar  alsotubuiousleavesonly,  rooreorlesarego-i 
larly  disiiosed  in  spiral,  no  rootlets.  Wide  surfuYS  uf  rocks  are  cuv«red, 
with  plants  of  this  kind,  and  thick  strata  of  clay  are  filled  or  cnmpc* 
their  remains,  without  any  fragments  or  traces  of  Sigillaria.  This  vegetA*^ 
tion  may  be  called  advontlvc.  Bui  in  anolhorcase  the  germinating  proCMf. 
may  begin  on  sand  or  on  a  lloaling  carpet  of  stems  uf  Stigw-in'th  bavlaC:,, 
become  compact  and  solid  enough  lo  support  trees.  Then  the  growth  of^ 
the  plant  from  the  production  of  a  vertical  bud  proceeds  iipwurd  i 
downward,  and  the  basilar  appendages,  first  obliquely  inclined  dovii- 
ward,  become  gradually  more  or  less  vertical  as  true  roots  and  bear  luM*, 
lets,  often  xtlll  mixed  wiiii  loaves,  as  seen  by  their  scars  of  difTereni  tl 
and  conformation.  This  kind  of  vegeiaiion  Hn^ls  an  analogy  in  tliU  of  I 
number  uf  ftonling  plants  of  our  time :   Mosses,  Lycopods,  etc.* 
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The  irork  of  Prof.  Renault  is  cImmI  hy  remarks  on  the  guolugical  d1strl> 
tuition  of  the  plants  of  the  r»mi1ics  which  he  has  examiDcd. 

The  Cieada  appciir  in  the  Carboniferous  by  PteTophyilum  earbimariitm 
and  penUt  through  the  more  recent  forroalious  to  our  Lime. 

Tlic  Znnn'm  bnve  also  a  carboniferous  specicB  NaggtriUhia  fotlom,  and  a 
tew  others  in  theJuniasic. 

Tlie  Cgeadof/fla  are  rcprraented  by  foasil  wood  of  the  upper  Carbonifer- 

The  CKrdaite*,  the  Poreiylm  and  Bigillaria  are  all  Carboniferous  and 
SvvoDinn  ;  a  ttw  ascoudiog  to  the  base  of  ihc  Pi-rmian. 


Umanact  PnUhlted  in  Philadelphin  bttmtcn  1705  nni  1744. 
By  Iltnry  PhiUipi.  Jr. 

Sfiti  htfon  the  A-ittrieait  PMloiopMeiil  Sorletg,  February  19.  1S81.) 

B  the  libniry  of  our  Society  is  a  roluinc  of  Aliuanncs  printed  and  pub- 
d  in  Phiiulelpiiia,  at  various  dates  betweoti  1703  and  1744. 
yare  remarliable  specimens  of  the  degree  of  perfection,  or  rather  lack 
irfectioD,  to  which  tlie  art  of  printing  liad  attained  in  tiie  Middle  Colo- 
nifS  In  those  early  dnya,  Iteginning  nlth  extremely  bad  paper,  blurred  iiu- 
pnsetons  and  imperfect  type,  and  oxiiibiiing  a  progressive  impro»ement 
towftrds  the  later  dates,  hut  nowhere  showing,  however,  what  now-a-days 
would  lie  called  a  good  piece  of  worK. 

The  volume  which  is  a  duodecimo,  consists  of  Jacob  Taylor's  Almanacs 
for  1705,  1706,  1709,  1711,  1712,  1710,  1720,  1733,  1727,  1738,  1740,  1741, 
1743,  1744,  and  Tllan  Leed's  Almanac  for  I7I8. 

As  a  curiosity  I  reproduce  the  title  page  of  Taylor's  Almaonc  for  1705, 
which  will  serve  as  a  fair  specimen  of  the  manner  in  which  pnbliBhera  of 
thnt  era  were  wont  lo  allmct  the  attention  of  the  purchasing  community. 

An  At.iU.SACii  for  ITia  yt'iT  noa.  |  AN  |  EPHEMERIS  |  of  rhe  Motions 
Add  AerBcrsoflhe  {  PLANETS  |  and  the  EettpsBioTthe  Lvminariei  forthe 
Tmr  I  of  SngliiA  account  1705  |  Pitted  to  the  latitude  of  40  Degrees  North, 
«Ild  I  the  Longitude  of  75  Degrees  West  of  London;  \  serving  Ptntiltanta 
and  the  Places  adjacent.  |  By  Jacob  Tati-or-  |  Hfrnui  Tritmtgislut.  Cen- 
tdoq.  Aplior.  33  |  .  Siiturn  Patting  out  of  ont  n'gn  into  aaolhtr  eaatu 
ttrai^st  Appari  \  Uoru  in  tht  Heavens  ii^hirk  the-  Arabian/  larin  Asiub ;  & 
Ctr  I  tain  other  tipnn  of  a  fiery  natvrt.  |  To  which  is  added  by  C.  P. 
some  rvmarks  on  D.  L's  abuses  |  to  the  Qwikeri,  in  his  ihis  Ytart  two 
Ai-MASACxs.  I  Printed  ut  Philadelphia  by  Tiberius  Johnson.  |  . 

Tbi«  Almaaac  is  a  small  volume  of  eislcen  leaves,  pages  unnumliered 
ami  without  signatures. 

On  the  recto  of  the  title  page  is  a  "■Table  of  the  Kittoa  of  England, 
•hewing  the  Teats  wherein  They  began  lo  Reign  ;  the  Years  which  they 
linre  ]l«igned,  and  the  Teai«  since  they  Reigned. " 
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Tlif  Noconil  loaf  b  oecuptcd  Itf  ■  piMe  of  tetriUe  poebr.  Moili 
InKly  [irlnlud,  )n  which  U  dapidHl  ite  diScnltT 

"TopUiueatlSumant»iian§orUofmtn," 

■uil  toiidiiilltiK  Willi  tli«  liatx 

•■  To  Ihnin  that  tbali  pnanme  Ui*l  Bisque  tc 


^1 

ita.     ^H 

ble.   ^^ 
AIdmiim;  11 
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I'liii  liuaL  word  tv  wi  badlf^  printed  as  to  be  almwt  illegible. 

Tlut  lUlUK  rnllDwing  coniiuiis  an  explaaalion  of  the  i 
olirtnti'lvra  mill  »isu»- 

Til*  llPXt  |«BP  nut"  f"ftb  'lie  eclipses  G>r  1705, 

(III  llir  iifKl  pug*  owufs  "  XI  moDth  JmcA.  CmUri*  mtiuiivK" 
Wl)l<i|i  U  tlin  iwuitl  tnlon^  with  wcatlicr  predictions. 

llti  lliti  tit1i«ui)iieni  iNtgo  is  a  tabic  of  the  oiotions  of  tlie  plaaeta,  b> 
i  ItmillnH  "Tliti  Blnvvnth  Month  1705,"  and  followed  by  i«n)Mfc<< 
C'liiijiinrlliin  ofBamrn  and  Mars  set  down  fw  Ilie  moalli. 

tin  tliii  Dvxt  pn^o  In ''The  XII  Month  FBDROATro  Ihrnanermvi. 
tH>liHitli  <nra  lh«  IMilal  calculations  nnd  weiLllier  predictions.  On  t1 
llHiiil  t"<ii»*  llto  mxnl.ho  nintinue,  ondiug  with  DscEMBen.  Daeimv*  i 
On  «tim«l  flWi-j-  rliEht  hand  page  lhi>rc  is  a  piece  of  poetry  relaituf 
•ll|itn«i'll  llillimnrra  of  the  ittarry  iiodics  and  tlieir  m'JliooB,  ^  lu  tb 
»im(  uf  t|W  •WwoiW"     Under  Aiigusi,  we  find 

"Bui  LeedieiterlJiBThumplDB  WU 

Mfiv»  Nature  In  n  Jiimptng  St, 
Aconrilliig  to  bla  |ili?nsure; 

Trail nrrl'ilitJT  wna  the  Art  he  us'd 

TwHsaltlheHklll  ho  had, 
Dal  I>p1ng  or  Ihe  same  Accua'd 

U  alnuicl  made  tiliii  M— 1>," 

Hii  Hip  ImI  thvw  V*lt»  the  author  falls  fonl  of  Daolel  Leeds.! 
Alliinlini'  muhpf,  chatnlnff  him  with  liaving  stolen  from  Gadbury's  B 

oil.  \  nl">  «■>««  ft  UlUr  work  bj  Jacob  Taylor,  entilled  Eclipees 

HiiH  mill  Mii«n  fi'i'  iwpmyymre.    Tlie  attaelt  is  cliaracterizod  byt 
|M>ii><tiiHtlih>ii  Kiitl  litiln\M:tim  which  were  usual  among  our  free  sjaik 

'I'Ih'  llim  immiHB  iHttiv  in  IVnnsylmnia  was  established  about  II 
Willlant  ItivdllMil.Niid  H«'W»rlii«  prwtuclioas  of  this  Press  wen 
Mo«  fi»t  iho  >«»r»  UW.i  ana  l(y;.    (Tlioiuas.  History  of  Priming,  V« 

The  nanw  ^f  J«imI>  1\vW  a)>|«t«r$  as  that  of  a  printer,  who  "" 
town"  in  ITia,  Nh  riiiM)M«  «*ti«  ihal  he  never  tnei  wiii  aa 
ikal  b.iif  hi*  imprint,  an.1  rairrtainj'  d<wln*  as  to  whether  he  ww  w 
•  pnMer.  He  ««y\  -  Thriv  w*s  a  Jacob  Taylor,  who  for  aliom 
^  annoally  caktibit«J  an  .Vlntanar,  which  vat  puMUImm]  U  PI 
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■  bj  Andrew  Bradford  ;  lie  was  probablj'  the  same  pcrsiin  :  he  died  in 

Thumiw  <Vo1.  i,  p.  233)  docs  not  menlioa  the  existence  or  a  iirintrr 
xinnied  Tib*Hvt  JahMon,  the  person  who  prialed  this  Almanac,  but  etatrs 
cimt  A  curtnin  Rtnitr  Janntn  managed  the  prc»s  ot  Wllliain  BntdTord  in 
S'liilndelphia  from  the  time  of  his  removal  to  New  York  until  hia  scm 
^Andruw  ciiDie  oraf;e. 

Mr.  John  Wiltinm  Wftllacc,  who  has  an  eBpeciol  knowledge  of  all  thingn 
reltttiiig  Ui  enrly  Pennsylviioia  printing,  inrorma  me  Ihiit  Tiberius  Johnsoa 
-vras  n  «nn  at  Renier  Junsen,  nhoac  name  ensily  passed  from  an<1  tlirough 
XMe  fnrm  of  Jan§eD  to  Johnson,  but  he  states  tbnt  this  Tilicrius  Johnson 
"■ '  eo  fiir  as  Iwinj  on  nctuul  printer,  or  indeed  a  person  having  even  a  llieo- 
X*elio>I  knonlcdgEor  typography  •  ♦  *  is  a  revelation"  to  him.  That 
!«•  nevtfr  before  heard  of  any  Imprint  by  him,  and  thiit  tiie  facl  thai  he  ever 
clitt  make  one  has  been  generally  unknown.  Tills  little  volume,  which 
tocnrB  his  imprint,  tiierefore  appsATS  to  be  unique. 

It  ii  thercrore  probable  that  Tllierlus  Johnsou  conllnucd  to  nurse  the 
t>asine«8  till  Andrew  took  it.  The  Jacob  Taylor  Almanac  for  170Q  vraa 
-■  printed  for  tho  author;''  thai  of  1709,  l>ears  no  imprint  at  all :  1711  and 
■%,  Tia,  arc  "printed  at  Phil  odd  ph  iii. "  The  Almanac  of  Jacob  Taylor  of 
J.  "^W*  bL-ara  the  Imprint  of  Andruw  Bridford. 

Tlio  Almanac  issued  by  "Titan  Leeds,  Philomai"  bears  title  "The 
_^  nurifitn  Almanac  for  the  year  •  •  "  '  •  1713  #  •  »  Printed 
^r>d8old  by  Andrew  Bradford  at  Ihe  sign  of  the  Bible  in  Philadelphia," 

It  is  likewise  a  small  duodecimo  ot  twelve  leaves,  lacking  signatures  and 
(^riunuiberuil. 

On  the  Nf/oof  the  iltle  is  an  address  to  the  "CurUoun  lit'idtr"  \n  which 
ocrcurs  Ihe  following  passage ; 

"Xatt.  That  whereas  my  Preface,  Last  year  gave  Account  that  at  least 
on«  Third  of  tlie  Inhabiianii  of  Vett  Jeruy  were  of  the  People  called 
^t»ak4r»,  hut  in  my  Copy  I  had  written  tliat  there  was  nut  uiic  lliird 
<a«»«kers." 

I  BHii-rif  r  mtu  re-ilure. 
To  lay  Ihit  t  ilo  Inkr, 
fytrawil/uilmiuuke: 
0/Ml/Frinler:- 

1*U«)  usual  flgure  of  ''Tlie  Anatomy  of  Man't  B-'dy  as  goveru'd  by  the 
^  ConBiellaiions  "  a|ipear«  on  the  loaf  liUowing  tlie  llLle  page,  and  is  a 
*******  execrable  work  of  art,  shocliingly  engraved. 

^he  aatmnoinicol  calculations  in  the  body  of  Ihe  Almanac  are  intor- 
'*'**Ta«(l  of  pithy  layinga  of  more  or  less  point;  such  as,  "  Lund  winds  are 
-•'<ltM»i,  SO  sea  winds  are  warmest,''  ■'Ilo  is  sober  who  is  never  drunk  with 
**3'il»ing  bm  wine,"  "The  old  woman  would  not  Buek  her  daughter  in  tliu 
.  ^'•'n  if  she  had  not  been  there  herself."  "  Oft  under  honey  sweet  jioison 
***«■•«».  "  "  MawU  dust  to  bo  sold  worth  Runsom  of  Gold,"  "  An  evil  crow 
*■■•  •Vil  «j(g  ;"  "Beware  ofaSraooUi  Devil  ;■•  "Scotch  mist  wels  English- 
k  to  Ihe  Skin  ;"  "  So  many  plaueia  Joined  together  denote  some  Thau- 
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drfng  wenlUer;"  "Passion  runs  thTongh  all  langungtw."  "Proceed,  but 
do  justice  :"   "  It  Is  ft  bad  Devil  tbat  does  do  good.'' 

Aliore  ilie  calculations  fur  each  inontli  U  u  piece  of  six  lined  paOryot 
morul  Hod  didactic  nature. 

Id  Jaukinry  it  mns  thus  : 

Old  Jnners  still  begins  the  iMUllnn  Vear. 

In  December : 

"  Denth  la  i 
CDncenilQgalli 

It  gives  nlso  a  Hat  of  eclipses  and  tlie  Date  of  holding  "  Supretun  Courts 
in  Ptntiteniiia. 

At  I'hiladilpkia  the  tenth  day  of  April  and  the  24  Day  of  Stpttmitr. 

Courts  ol'  Quarter  Seasiuns  in  PentUtaaia.  At  P/iiladelphia,  the  fttM 
Monday  in  iCnrrA,  Jvnt,  Stptamitr.  and  December.     •    •    • 

Courts  of  Couimon  Pleas  are  held  -.  At  PKlladtiiihia,  the  first  Wodtiw> 
day  nfler  ilie  Court  of  Quarter  Sessions    * 

Then  follow  the  terras  of  the  S'ipraam  Courts  and  Courts  of  Cominoa 
Pleas  in  New  York,  nnd  tlio  Supream  Courts  and  Courlia  of  Quarter  Sck 
sions  la  New  Jersey,  and  al  the  end  is  a  calendar  of  Court  Days  for  U*ry> 

Taylor's  Almanac  for  17111  was  printed  and  sold  by  "  Andrevr  BradforA 
in  the  Second  Street  near  the  great  meeting  House,  in  FhlUdelpliia.  1719." 

It  is  a  small  duodecimo  of  fifteen  leaves.  In  signatures  lettered  reap 
.lively,  A,  D,  C  and  D. 

The  compiler  is  honest  enough  to  state,  In  the  beginning,  that  "  tbcSi 
lences  on  the  Heads  of  the  Monthly  Pages  are  uioslly  borrowed. " 

Among  the  most  noteworthy  are  the  following  ; 

■■  From  the  first  Hour  of  the  Day  (or  one  in  the  morning  inclusire)  till 
eix  B  good  predominates,  whence  morning  sleep  becomes  » 
pleasant,  from  thence  to  Noon,  Cholcr,  Afternoon,  Phlegm,  from  the  B^ 
ginning  of  the  Night  till  Mldnigh',  Melancholy." 

"Near  to  St.  Omer's  in  Flanders  Is  a  large  Lake  in  wbicharedivenflu>U-t 
Ing  Islands,  most  of  them  Inhabited,  In  one  of  them  Is  a  Cburcti  wUb  i 
Monastery." 

"  In  ihe  Yesr  1378  the  Countess  of  Henebcrg  Daughter  to  Florenl  tl 
4tU  Earl  of  Holland,  had  at  one  Birth  36S  Children,  all  baptized  by  Ih 
William  suffragan  Bishop  of  Treves,  in  two  Brar.eD  Dishes,  in  tbe  VD1a0 
ofLofdeen." 

Who  can  refuse  credence  to  a  fact  so  circumstantially  SCI  forth  ? 

Taylor"s  Almanac  for  1720  wds  issued  by  the  same  "  Andrew  Bl 
at  the  sign  of  the  Bible  in  Second  Street." 

At  the  bead  each  of  the  twelve  pages  of  the  almanac  on  wliich  the  calesi 
latlons  for  the  months  are  set  forth  Is  a  piece  of  pi>etry,  anri  tOWftrd  llie  « 
lit  the  volume  occurs  a  remarkaiilc  |)iei.'e  of  rhyme,  entitled  A  CniBolon'i 
setting  forth  various  odd  occurrences. 
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TliU  moit  peculiar  blculng:  rarely  fall«, 

Tlie  hBi'Py  lond  niloroed  witb  bills  &nd  valei, 

ThaoryaUl  iprlD«>  thai  waali  the  mouiiUiln't  «lde. 

SUrtrram  thehllUandlliroagli  the  valloys  elide, 

Culleol  their  force  rruiu  alngle  drops  begun, 

Unlto  Ihelf  (UcaniB,  enlBrgliiE  a»  they  mn  ; 

From  broak  to  brook  discharge  the  Uijuld  alara. 

Till  fttnple  HI  vera  In  praoesiilna  roar. 

Where  tliete  ■houiid  who  cun  tbe  blosslna  tell 

Wblch  all  enjoy  und  few  caujlJer  well. 

Dpon  the  horrid  flelds  of  driving  ■iinU. 

Betvlxl  A'HiiUfAa  and  the  Keuro's  land. 

A  tnercbnnl's  tomb  Ills  tnoiiumeiit  reinniiis 

Whodf'dof  IhlrsL  upuii  the  Ncorcblng  plain: 

A  sreody  cnrrler.  runil  oriiacred  gold, 

Adntusbtotwater  ti>  the  merchant  sold, 

Ten  Ihoumnd  DiickM  was  Ibe  price  it  cost, 

S'l  dear  be  paid  bin  dearer  life  he  lunt. 

Whu  CHQ  behold  the  iprlitgs  anil  purling  rills 

In  sveec  Mcanilerv  gliding  down  thi^  hllli, 

And  not  remember  these  unhappy  plain*. 

Where  horror  dwells  und  dciith  forever  reigns  T 

In  Jane  U  written  in  an  old  hand  "  y*  Governoui'  arrived  y*  I"  day." 
In  Aupiisl  of  Ihla  year ; 
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Twttvr  t/ioiuaii'l  tnllcii  lojlrvl  ut  fttre, 

TTkytor  fbr  1741  is  filled  wilh  quotaliuna  from  Puradiso  Lost. 

7iijr((»-'*  Almanae  for  1743  was  ■ '  prinied  und  sold  hy  Isaiah  Wauseh 

*  «3iosl  opposite  to  C a ABLEa  Brockuen's,  in  Cheinul-Streat;  "  and  coataina 

•'The  Indian  Prepheen. 

"An  Indian  of  tliie  Province  looking  at  the  great  Comet  Anno  1G80,  bc- 

g  Bsked  what  be  Lliouglit  was  llie  Meaning  of  that  itrodigioua  Appearance, 

J^  *^^answer  was,  "Itsit/niJUitkattEelnduituiihallrmha'ieai/andthUeoiintr]/ 

*•     ^nAabittd  by  arvjlhtr  larCofPwpk."  Tliis  Prediction  ilie  Indian  delivered 

*=  V7  grave  and  piisitivc,  loa  CufrAmnnofgond  Reputation,  living  tliere  and 

^"^^^^fcny  Tears  since  near  Cktitar,  on  Dtlaianrt,  who  reialed  tUe  same  punc- 

^  *■*  ^*-lly  Ui  an  SnylUhman,  now  living,  wliose  Veracity.  I  tliink.  is  never  ques- 

*"*»icd."    Tbe  chain  of  evidence  hero  is  cei'Iainly  very  reiuarkable,  bui 

*~  ■*uot  be  called  conclusive.     In  tlie  same  Almanac  at  the  end  of  an  article 

,_  *^      Poliiifls  ocrUTB  these  words  :  "  from  lis  to  the  river  St.  Laurtiua,  ws 

—^  **  *iw  ihe  KiMCe  loo  well.    I  conld  wish  Ibat  bis  most  Christian  Majesty 

'"'    t3,  in  lieu  of  that,  a  Country  ten  times  belter,  and  a  thousand  limes  llio 

Vtylor's  Almanac  for  1744,  waa  "  Printed  and  sold  )>y  I.  Waonek  and 

BRADfOKD  al  tlie  sign  ol  the  Bible  in  Front-Strut." 
Wbe  whole  collection,  fillc'd  with  tiuaint  and  curinug  matter  of  which  the 
«gnlng  is  a  lair  specimen,  is  well  worthy  of  attention  as  an  exam|>le  of 

•*"ly  printing  in  Pennsylvania.    The  orthography  is  extremely  unseitled, 

^^  the  grammar  equally  u 


Siakd  Meetivg,  March  4,1881. 

Present,  13  meniljers. 

President,  Mr,  Fralet,  in  the  Chair. 

Mr,  Ames  and  Dr.  Wiirtz,  new  members,  were  iutroduce^ 
to  the  presidinj^  officer  and  took  their  seats. 

A  letter  acknowledging  receipt  of  Diploma  was  receiTCC 
from  Prof,  James  Geikie,  dated   Perth,  Scotland,  July  U  a 
1881. 

The  thanks  of  the  American  Institute  of  ^liniitg  Engi- 
neers for  the  use  of  the  Hall  was  received. 

The  reijiiest  for  correspondence  of  the  Vermont  Uistorical 
Society  was  read  and  agreed  to. 

Letters  of  envoy  and  acknowledgment  were  read. 

DonatiotLi  for  the  Library  were  received  fi-om  the  Acade- 
mies at  St.  Petei-sburgh,  Berlin,  Vienna,  Rome  and  Dubliu  i 
the  Societies  at  Ebtiigsburg  Dresden,  Halle  and  (jie 
the  Geological  Society  at  Berlin ;  the  Geological  Interna- 
tional Commission,  Lausanne ;  the  Wiirtemberg  Land  lIi9tor>^ 
SocietyatStutgartjtheZoologischerAnzeiger;  the  Zoological 
Garden  at  Frankford;  theRevistaEuskaru  at  Pamploiitt;tbe 
the  Bureau  of  Statistics  at  Brussels;  the  Paris  Geographical 
Society,  Polytechnic  School  and  Political  Review  ;  the  Geo* 
graphical  Commercial  Society  at  Bordeaux;  the  Institute  for 
Earth  Magnetism  at  Vienna  ;  the  Royal  Society,  LoadoBi , 
the  Greenwich  Observatory,  the  Adelaide  Observatory,  the 
Meteorological  Society,  the  Royal  Geograpliical  Society,  tliS 
Geological  Society,  the  Linnoan  Society,  the  Zoologkal 
Society,  the  Royal  Asiatic  Society  and  the  Society  of  Arts, 
London ;  the  Radclift*  Observatory  at  Oxford  ;  B.  Cora- 
wall  I'olytechnic  Society ;  the  Philosophical  and  Litenrjr 
Society,  Leeds;  and  Mr.  James  llonry  of  Dublin. 

Mr.  Lesley  read  a  paper  entitled  "  Notes  on  the  meaaia; 
of  the  word  Hebrews,  and  on  Egyptian  names  of  llebte* 
kings." 

Pending  nominations  Nos,  927  to  031,  and  new  nutni- 
tiation  No.  932  were  read. 

And  the  meeting  was  adjourned. 


^^^  fn.. 


Staled  Meeting,  March  18,  1881. 

Present,  13  members. 

PreskleQt,  Mr.  Fralby,  in  the  Chair. 


The  resignation  of  Dr.  C.  J.  StiI16,  dated  February  17, 
1881,  wne  received  and  accepted. 

A  letter  of  thanks  for  the  gift  of  a  copy  in  oil  of  the  por- 
tr»ii(  of  Michaux,  was  received  from  the  Commiaaionere  of 
theFairmnnnt  Park,  dated  March  12,  1881. 

jV  letter  requesting  the  deposit  of  historical  documents  in 
tfaehall  of  the  Historical  Society  of  Pennsylvania  was  referred 
*0  the  Library  Committee,  the  Librarian  and  Dt.  Horn,  to 
'^Ojort. 

Letters  of  acknowledgment  were  received  from  the  Lon- 
^•on  Statistical  Society  (106  and  List) ;  the  Society  of  Anti- 
qiaaries  (106);  Kew  Bedford  Library  (107);  and  the  Cincin- 
»*^ti  Observatory  (107). 

Letters  of  envoy  were  received  from  the  Geological  Sur- 
"V-oj  of  India,  July,  1880  ;  the  Austrian  Academy,  Aug.  25; 
I*«-of  W.  F.  Hewitt,  Ithaca,  March  16 ;  and  the  U.  S.  Coast 
o.nd  Geodetic  Survey,  March  15, 1881. 

Doimtions  for  the  Library  were  received  from  the  Geo- 
lo^cal  Survey  of  India ;  the  Academies  at  Turin,  Rome, 
SiA'odenR,  Copenhagen  and  Bruaeels  ;  the  Turin  Observatory ; 
tlie  Institutes  at  Milan  and  Venice;  Prof.  Gio.  Capellini, 
IBolognft  ;  the  Geological  Comraiasion  at  Florence  ;  the  Geo- 
f^raphical  Societies  at  Paris  and  Bordeaux ;  the  Flora 
^Batftva ;  the  British  Topographical  Society ;  London  Na- 
^'Jre;  the  American  Statistical  Association;  Mr.  Samuel 
Soud<ier;  Museum  C.  Z.  Cambridge ;  New  Bedford  Library  ; 
■*-***•  Geo.  \V.  Ilawes;  American  Journal  A.  and  S. ;  New 
*^orlc  Academy  of  Sciences,  State  Museum,  and  P«»f.  Jas. 
^^11  ;  Prof,  W.  T.  Hewett,  Ithaca;  Buffalo  Nat.  Hist.  So- 
'«ty  ;  Trenton  Exjierimeutal  Station;  Franklin  Institute, 
*>Tli.  und  Antiq.  Society,  Journal  of  Pharmacy,  Medical 
«Wb,  Mr.  Reuben  Haines  and  Mr.  H.  Phillips,  Jr.,  Philadel- 
.  pniLos.  Boc.  SIX.  108.  2l.    piusted  mabcu  28,  m"*!. 
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phia;  Gov.  Iloyt ;  U.  S.  N.  Observatory;  U.  S.  C.  anj  i}. 
Survey ;  Mr.  Jed.  Hotchkiss,  Staunton,  Va. ;  San  Fraitc. 
Mer.  Association ;  Mid.  de  Fom.  and  M.  M.  Barciifti 
Mexico. 

The  death  of  Dr.  John  J.  Bigfiby  was  announced  by  tlio 
Secretary,  with  remarks  on  his  early  connection  with  geo- 
logical exploration  in  America. 

The  death  of  Prof.  John  Johnston,  at  Middlobury,  Con- 
necticut, in  1879,  was  refwrtod. 

A  memoir  On  the  Preglacial  di-ainago  of  Lake  Erie  ami 
the  other  great  lakes,  by  Dr.  J.  W.  Spencer,  was  read  atiJ 
illustrated  by  the  Secretary. 

A  paper  on  "  A  Geological  Section  at  St.  Mary's,  in  Elk 
County,  Pa.,"  was  read  by  Mr.  Ashburner. 

Pending  nominations,  Nos.  927  to  932,  and  new  nomina- 
tion, No,  933,  were  read. 

And  the  meeting  was  adjourned. 


I 

m 
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SUeoetry  of  the  Preglneial  Outlet  oflheBatin  of  Laki  Erie  into  tliat      <■/ 
L'lkt  Ontario;  ieith  NoU»  on  lAe  Orfjiin  of  our  Loirtr  Great  Lakei,  "^ 

J.  W.  Sprneer.  B.  A.  fie.,  PLD.,  F.O.8..  Kins''  CoUtgt.  Windior,  If-      ^■ 

{Htad  before  the  Ameritan  Phitaiophieal  Society,  March  1$,  1 

BCXUARY. 

Tlie  object  of  th'iB  paper  is  to  bring  berorc  the  HcJentifii'  world  the  Mli 
ing  ubscrvationa,  bearing  on  Ibe  Preglaciut  Diainage  Rat)  origin  of 
Great  Lake  BuHinit : 

1.  Tlie  Niagara  escarpment,  after  skirling  the  aoiitliem  shores  of  Laff 
Ootario,  bentla  at  ooarly  right  angles  in  the  neighborhood  of  Hamilton, 
the  western  end  of  the  lake  ;  tboneo  the  trend  la  norlbnrnrd  to  Lake  ITuni. 
At  the  extreme  weslcrn  end  of  the  lake  thla  esrarpiniiDt  (at  a  height 
about  BOO  feet)  encloses  a  valley  graduftlly  narrowing  lo  four  miles,  Bt  ll* 
meridian  of  the  western  part  of  the  city  of  Hamiit^m,  where  it  euddrnK' 
closes  to  a  width  of  a  little  more  than  two  miles,  la  form  the  eastoni  ei 
of  the  Dundna  valley  (proper).    Tliis  valley  has  its  two  aides  nearly  pu 
lei.  and  is  Liounded  by  vertical  escarpments,  which  are  capped  with  a  gi 
thlekncasor  Nia^ra  limestone,  but  having  \lia  lower  beds  of  the  sin] 
composed  of  Medina  shales.    On  its  northern  side  the  escari>inuDt  oxiMii 
for  six  miles  lu  Co[)elowo  ;  but  weslwani  of  this  village  ft  ia  cuvered  wil 
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drift,  bni  it  ie  not  Alisent.  Ou  lis  Boatliern  side  llie  steep  slopes  eitcnJ  Tor 
Ir  Hx  tlian  fiiiir  miles  to  Anoster,  vrlitrc  iliey  abruptly  end  in  ik  greut  de- 

I  posit  of  drift,  wliicli  Uioro  Oils  Die  valley  to  near  lit  summit,  tiul  wliicb  is 
pA-rtl/  re-cxcftVBled  tij  thQ  miHlcrD  strcainB.  forming  gurgcs  from  two  to 
Ibrec  liuiidred  feet  deep.  To  tlio  oortli -cast ward  of  Ancaeter  [Itbae  gorges 
Hr>e  cut  down  Ihrongh  tlie  drift  to  neurly  Ihe  present  lake  level. 

I  ^JVeatwitrd  of  Ancaster,  a  Imsin  occupying  a  liundrcd  sqimre  uiiles.  wbere 

tbe  drift  is  round  to  a  great  depth,  forms  the  western  extension  of  iha 
Dutulasvikllej.  With  llie  north-western  and  western  portions  of  tbls  drift- 
IIIlcO  nrsa  lUn  upper  portion  of  tlie  Grand  river  nnd  Neith's  creeli  were 
f«>rtiierl)'  eonnerted.  The  Grand  river,  from  Bntnlford  to  Benecii,  runa 
nvMrlhcsoiiIliern  iMmndary  of  lliis  basin,  then  it  enters  its  old  viilli:y,  which 
extends  from  Benecs  to  Cityuga,  witii  n  breadth  of  two  miles,  nnd  a  depth, 
■  n  niodrrn  Ilmea,  of  seventy-live  feet,  having  its  lied  hut  a  few  feet  alioTo 
llic  surfiice  of  Lake  Erie.  Near  Cayuga,  the  deepest  portion  of  the  river- 
t>od  is  below  the  level  of  Lake  Erie. 

a.  The  Uundas  valley  and  Ihe  country  westward  form  a  portion  of  ft 
K'nmt  rti^r  valhi/,  filled  with  drift.     Along  and  near  Its  preaenl  southern 

,  xn^rgin  tliis  drift  has  been  penetrated  Lo  2'27  feel  bi:low  the  siirlikce  of  Lake 
Onuirio,  UiuH  pnHlucing  a  ennon  with  a  lateral  di-pth  of  743  feel,  hut  with 

'    »  computed  depth,  in  the  niiddle  of  its  course,  ol  about  1000  feet, 

3.  The  Grand  river,  at  four  miles  south  of  Gait,  has,  since  the  Ira  Age, 
'oft-  its  ancient  hc<],  which  formeriy  connected  with  that  of  the  Dundas 
"*^kll*iy.  as  dirt  also  Neilh's  creek,  at  Paria. 

I  4.  Ltthe  Erie  emptied  by  a  buried  channel  a  few  miles  westward  of  Ihe 

Present  mouth  of  the  Grand  river,  and  flowed  for  half  a  dozen  miles  to  near 

I  ^^yiigs,  where  It  entered  the  present  valley,  and  continued  this  channel 
(reversed)  to  a  place  nt  a  short  distance  westward  of  Seneca,  whence  It 
tUrticd  inio  the  husin  referred  to  above,  receiving  the  ttppcr  waters  of  ths 
O  r«nd  river  and  Neith's  creek  as  tributaries,  and  then  emptied  into  Lake 

I  "OiBrio  by  the  Dundaa  volley.  This  channel  was  also  deep  enough  to 
<lf*in  I^akonuron. 

S.  Throughout  nearly  the  whole  length  of  Lake  Ontario,  and  at  no  great 

I      ^>BUinec  f>om  lis  soutbcm  shore,  Ihere  is  a  submerged  escarpment  (of  tha 

j       *laO*ou  River  Formalion)  which,  in  magnitude,  is  com  pant  blc  with  the 

r  ^iitpira  escarpment  itself,  now  skirting  the  lake  shore.  It  was  along  tlie 
"***t  i>f  Iblif  esCHrpment  thai  the  river  fruni  Ihe  Dunilas  valley  flowed  Iglving 

I      *^  Ulo  prcccnt  Ibnn)  to  eastward  of  or  near  to  Oswego,  receiving  many 

\     ***«»in»  along  its  course. 

B.   Tba  western  portion  of  tlic  Lake  Erie  basin,  the  soulb-weatem  coun- 

I  *  **  "f  Ontario,  and  the  southern  portion  of  the  basin  of  Lake  Huron 
^"•'ttied  one  Preglacial  plane,  which  is  now  covered  with  drill  or  water  (or 

i   ^*'*tlj  ixith)  to  a  depth  varying  f^om  fifty  to  one  hundred  feet,  excepting  in 

§^4nela  where  the  diiing  by  drift  ts  very  great.  A  deep  channel  draining 
■it*  Huron  extended  through  this  reg>OD,  leaving  the  present  lake  near 
^Ku  Sable  river,  and  entering  the  Erie  basin  bctMceu  Port  Stanley  autl  h 
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Vienna,  ui  a  deiilli  ncAr  Us  known  margla  of  300  feet,  but  at  a  probalil*  I 
dcpili  In  the  centre  Bufflcieotly  great  to  dniiD  Lake  HiiroD. 

0.  Tlie  Pregkcinl  vtilleys  (aavi  buried)  of  Ohio  and  Pennsylvs 
example  ;  the  Cuyahoga,  Mahoning  (reversed),  and  Allegheny  (deflected)  « 
formed  trihularios  to  the  great  liver  Oowiug  through  tho  Erie  U&sin  ano 
the  Dundaa  valley, 

7.  Tlie  bftyB  and  ioiels  north  of  Lake  Huion  are  true  fiords  in  chaiscter— 
and  are  of  aqucouB  origin. 

9.  The  Great  Lakes  owe  Iheir  existence  In  sub  aerial  and  fluvinlile  ftgen  ^^- 
cica,  being  old  vnlleye  of  erosion  of  great  age,  but  with  their  outlets  clo9e£T=ai 
by  ddtl,  Qlaclcrg  did  not  excavate  Uic  lakes  and  hod  no  imporlanl  actioc::  " 
in  bringing  about  the  preeent  topography  of  the  basins. 

9.  The  oid  nuiiet  of  ihu  Niagara  river,  by  the  valley  of  St.  David's,  <ns 
probably  an  interglacial  ciiannel. 

I.    IHTRODCCTIOK. 

■Whilst  residing  in  namilton,  Ontario  (1877-80),  ti  portion  of  my  tii 
was  devoted  to  studying  the  geology  of  llic  nelghborliood.  At  flret  it  be( 
in  connection  with  Lieut.  Coi,  Grant.  H.  P.,  Sixteenth  Regiment,  i 
some  other  gentlemen,  in  making  colteclions  of  fossils  ;  as  this  localll-^ 
is  one  of  the  best  for  obtaining  Niagara  Fossils  (and  also  those  of  the  HuiB.Lj'. 
son  River  Formaliou  from  Ihe  drift  pelibles  in  the  beaches)  In  Cnnadn.  I  Z~a 
1874,  the  present  writer  published  in  the  Oitnadian  KaiHraUnt  a  skelcli  •~~^r:ii 
the  local  gciilogy.  In  1878,  he  laid  Iha  plan  of  collecting  the  infirmuiUHb-j) 
necessary  for  preparing  an  exhaustive  paper  on  the  Oeoiogy  of  the  ro^i^w  u 
about  the  Western  End  of  Lake  Ontario.  When  systematic  work  vrma 
commeneed,  the  information  gained  required  so  much  time  for  ilfieW^J' 
that  it  baa  long  delayed  the  publication.  A  large  numl)er  of  new  sped^s 
of  Niagara  fossils  (twenty-nine  of  the  Oraplolite  family  alone)  were  *^*' 
tained.  The  present  state  of  the  work  is,  tlmt  a  paper  on  the  Paltcoc^''^ 
Oeology,  and  another  on  tho  Paltoontology,  containing  description^  °^ 
many  naw  fossil  species,  are  ready  fur  publication.  A  third  portion,  on  *°* 
Burfoce  Geology,  is  underway  ;  and  the  investigations  on  this  subject  b^ 
step  by  step,  carried  ttie  writer  outside  of  his  original  field, — having 
snmed  an  imporlance  never  anticipated  ;  and  have  resulted  in  this  ad< 
notice  of  a  few  of  the  most  striking  tUcts  concerning  the  origin  of  our 
lakes.  The  completion  of  the  work  will  be  further  delayed  until  op| 
tunity  will  have  l>een  afforded  to  study  some  questionable  points, 
ciatly  such  as  relate  to  the  drill  deposits  of  the  region,  and  others  hi 
ing  a  broader  Ijcaring  on  the  pliyslcal  geography  of  the  lake  regions  In  F* 
glacial  times. 

In  the  present  paper,  all  discussion  relating  lo  the  vexed  glaeini  )iy| 
flia  is  scrupulously  avoided,  except  those  questions  bearing  on  a  true  esp 
nation  of  the  origin  of  our  great  lakes. 

In  the  study  of  the  surface  geology,  the  first  great  qnestlon  thai  pi 
seulcd  ilsulf  was,  "  Wliat  Is  tho  originof  ray  native  valley,  Duudi 
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bUilj  nf  Liilci;  Erie  flnitiog  diiwa  tlirough  llie  Diindtis  vnllej  (I.hougli 

d  Itself)  did  not  seem  probalile,  awing  to  the  high  hinds  iMlween 

fttlra  grcAt  lakes.     However,  in  the   Canadian  Ifaluralifl.  1ST4,  I  re- 

ksliaTing  been  produced  by  a  "migliiy  river."    Tlil»  was  lihe 

pot  those  grntuitoui  lijpoiheaes  thnt  nre  cotnmoa,  now- a  days,   for 

"bating  to  a  continental  Ice  sheet  moet  of  the  causes  or  the  present  phys- 

httnivs  nf  the  continent,  tvhlch  do  nnt  readily  explnin  themselves.  Sub- 

ttiily.  Mr.  Qeorge  J.  Hinde  refers  lo  it  as  having  been  scooped  out  by  a 

This  assertion  will  be  found  in  the  sequel  to  be  a  perfectly  un- 

le  liypothesia.    Certainly,  the  origin  of  the  valley  was  obscure,  yet  It 

A  tliftt  the  excBVHtion  of  a  etincn  of  such  mugniiude  required  a  pro- 

onftttly  great  agent;  and  no  present  alreiim  would  account  for  even  a 

lU  portion  of  the  eicavalion.  However,  in  this  paper  it  will  be  seen  that 

^ttisience  was  unquestionably  occasioned  by  tlio  action  of  a  mighty 

IT,  u  originally  suggested.    This  outlet  of  Lake  Erie  also  perfectly  ac- 

■  with,  and  accounts  for  the  preglacial  di^sinagc  of  Pennsylvania,  as 

p  known  at  the  close  of  Inst  year  by  Mr,  Carll,  of  the  Geological  8 ur- 

gftbat  Slate. 
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mJfiaffara  EiearpmeW. — This  range  of  hills  c( 
il  New  York,  and  extends  westward,  at  no  great  distance  south  of  Lake 

II  enters  Canada  at  Qucenslon  Heights,  and  thence  its  trend  is 
■stem  end  of  tlie  lake,  where,  near  Hamilton,  It  turns  northward 
Mtends  toCabot'a  head  and  Maintouiin  island.  Everywhere  in  Canada, 
(hof  Lake  Ontario,  it  has  an  abrupt  full  looking  towards  the  northward  i 
K  Thorold  and  other  places  lo  the  eastward  its  bow  is  more  broken  tima 
Mmsby,  and  westward.   AtHamiltoo.  the  brow  of  the  escarpment  varies 

o  8&ti  feet  above  I^ke  Ontario.*  About  five  miles  east  of  Ham- 
^  tlie  escoriment  inukcs  an  abrupt  bend  enclosing  a  trianguliir  valley, 
B  Which  Bosseaux  creek,  and  other  streams  now  flow.    Tliis  valley  Is 

a  miles  wide  at  its  mouth,  and  has  a  leugtli  of  about  tiie  same 

five  miles  westward  of  Hamilton,  the  Niagara  escarpment  bo. 
■  covered  with  the  drift  deposits  of  a  broken  country,  or  miher  ends 
n  the  drift  of  the  region.  Above  the  range,  the  country  gradually 
rises  lo  the  divide  between  Lake  Ontario  aud  the  Grand  river,  or  Lake  Erie, 
wEthout  any  consplcnons  features.  BouIb-eoBtward  of  Hamilton,  at  a 
point  Aboni  five  miles  from  the  brow  of  Ilic  escarpment,  where  the  Ham- 

•  Prof.  Dnna  places  the  mean  level  of  LaJir  Ontario  Bt  'iSSS-  ^t^et  above  ocean- 
ISTBl;  the  Canadian  Geoloclcal  Survey,  nt  212  feel;  Iho  New  York  Central 
IWIrow).»tS4g.M;  tlieGeologloalSurvey  of  P^nnHylvnnla.  takes  e.afvetns  the 
man  Of  tbereiuttsof  dotennlalng  the  level  of  Lake  f^rle  ;  tlic  Wetland  conal 
kvela  Btaow  Lake  Erie  as  being  32(1.75  feet  lilgher  thnn  iMka  Onlarlu;  ntid  ttie 
UBtBllton  and  North  Weitern  Railway  a  dllTerence  of, "O*  feel,  ondi  of  tlieKe  IhsI 
rmttm  being  short  llnug  with  direct  counes.  Ttierefore  tbe  tielglit  uf  Lslte 
krio  aliould  bs  about  21a  rect  above  tho  hou. 
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ilton  anil  Nurtli  Western  Rnilway  rcacliee  the  fummil,  tUc  nltituile  abora 
Luke  Onturla  ui  4113  feet.     A.t  Carpenter's  qunrry,  two  miles  soullimutl  nf 
tbe   "mountain"   brow,  at  tLe  lieod  of  Jamss  street,  Ihe  ullilude  reaches 
485  feet  *,  and  nciir  Aacuter  tlie  summit  is  510  Tcet  above  Lrtke  Onario.  J 
From  eastward  of  Odmsb;  (for  twenty  miles)  to  neat  Anoisiur,  tbe  K 
carpment  presents  an  abrupt  face  from  ISO  to  ScA  foet  hclaw  tlic  rammit  M 
(bavlDg  a  moderate  amount  of  lalu*  at  the  base),  tlience  It  extemla  by  k  fl 
more  or  leas  stuep  seriea  of  slopes  to  tlie  plane,  which  gmdualty  ii 
(sometimes  by  a  auccessiou  of  t(:rrai:esi,  to  the  lake  margin. 

On  the  nortbern  side  of  the  town  of  Diindaa,  the  abnipt  face  nf  tbo  e»-  I 
carpment  looks  sonthward.  and  extends  four  or  five  miles  westward,  nntU  f 
the  exposure  becomes  covered  by  the  drift  deposits  near  Copetova  si«lhin. 
similar  to  the  i«nainatloo  at  AnciLStor  on  tbe  south  side  of  ibe  Duniiu  J 
valtej,  liui  not  by  an  abrupt  ending  ns  at  the  latter  locality.  About  tiM^ 
miles  east  of  tbe  G,  W.  R.tilway  station,  al  Dundas,  the  trend  pf  the  n 
bends  more  to  the  northward,  and  from  this  point  tliure  is  a.  marked  ditbr  4 
euce  in  tiie  couflguration  of  the  country  below  the  summit.  The  n 
after  extending  Imyond  Walerdown,  turns  still  more  to  the  nortliward  ai: 
passes  near  Milton,  and  Limebouse  station  (on  the  O-  T.  Itnilwni  >, 
and  tbenrc  extends  to  Oeorgiau  bay.  Tlie  lieigliluf  Copetown  abocciL^* 
lake  is  303  feet.  On  the  west  side  of  Olen  Spencer  it  is  419  feet,  and  ea^L-  _ 
word  of  llie  same  gorge  the  highest  point  is  520  feet  (Niagara  llmcs^o" 
coming  wjihin  four  feet  of  the  Burlate).  At  Wuterdown  tbe  nltltuile  ' 
over  500  feel  (?)  and  at  Llmehousc  the  brow  of  the  range  (Ibougli  only  l** 
lower  beds  of  tbe  Niagaru  limestones  occur)  is  8!0  feet.  Tbe  fbaiurea  •" 
llic  surface  of  tbe  country  ahuve  tlie  bigblnnds  mirth  of  Dundna  are  oiO^ 
more  varied  than  souili  of  llie  Dundas  valley.  As  tbe  trend  of  the  * 
carpment  turns  northward  around  tlie  end  of  tbe  lake,  tbe  face  of  tbe  si'' 
looks  towards  tbe  enstwatxi.  But  tbe  country  dooa  not  present  the  st£4 
declivities  as  exhibited  along  Ibe  southern  side  of  Lake  Oularii 
Torlicol  face  is  usually  less  llinn  100  feet,  and  the  country  between  it  « 
tbe  water  has  a  more  uniform  pitcii. 

Biuin  of  Lakt  Ontario.  As  Is  well  known.  Lake  Ontario  conslstt  c»  ■ 
broad,  shallow  (considering  its  size)  basin,  cxcnvaieil  on  llie  south^^** 
mar);in  out  of  tbe  Medina  sbalcs,  nnd  having  its  Houiliero  shores  fVrim  C^C^ 
to  several  miles  from  the  foot  of  the  Niagnni  escarpment.  The  Med  3  '^* 
shales  form  the  western  margin  (wbere  not  covered  with  drift)  to  a  pi»*" 
nearOnkville.  From  this  lown  to  a  point  some  distance  eastward  of  Toroa.  *''', 
tbe  hard  rocks  are  mode  up  of  tbe  dilTerent  beds  of  Hudson  River  Kpocff  '^^^ 
while  tbe  sutl  Utica  shales  occupies  tbe  middle  portion,  and  the  Treot^ 
limestones  the  portion  of  tbe  Province  towards  the  eastern  end  -of  t  -^ 
lake. 

The  country  at  the  western  cmi  of  the  lake  consists  of  slopes  gently  rt 
to  tbe  foot  of  tlie  Niagara  escarpment,  noticed  before.    Sometimes  tbia  al-' 
ration  is  by  terraces,  and  again  by  Inclinesso  gentle,  as  between  the  toot  « 
the  escarpment  at  Limehousc  (on  the  G.  T.  Raihruy}  utd  tlie  lake,  win 
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else  dllTervDce  of  uUiluilc  bIk>tg  lUe  tviitcr  ia  mure  timii  TJO  tevl,  without 
t^ax  Tcry  (y>nE|ilcui'Us  Tealun's. 

At  tlie  weitUirn  end  <ir  llie  Inke,  Ihc  lwi>  sliorirs  cunvergo  itt  aa  ncul« 
^ngle.  At  abnut  Stu  milvs  rtom  Uie  apex  ot  tills  ungle  is  llie  law  Burling- 
ton b«acli,  thrown  acrosa  ilia  waters  ia  n  slightly  curved  line,  wlilch  fortus 
ll»e  vrcsutm  end  oT  the  open  lake.  Burlingt<m  lake,  thus  furmed,  ia 
cotinecied  with  the  opea  lulce  by  a  caDAl  or  the  same  name,  niiido 
%*bun9  there  was  a  funncr  shnllow  opening  U'tne^'n  Ihe  natcra  within  unil 
■•vUttniit  the  beach.  This  beiicb  ia  made  up  of  sand  and  pchliies  (luosilj  <•( 
lliidaoit  River  &.gt-),  and  is  more  than  four  miles  long,  but  Dowhera  in  it  half 

No  mean  depth  of  Lake  Ontario  can  be  fairly  staled,  For  geological  pnr- 
piMRS  Ir  baa  jio  mean  depth,  LiecAUse  it  is  aimply  a  loDg  charmel  nflh  the 
ailjvcoDt  hiw  IftDda  coTcred  hy  back-wuter. 

West  ol  tlie  meridiaD  of  the  Niagara  river  the  lake  la  evidently  Ailed 
^vilh  more  silt  then  eastward,  as  we  Had  tlint  the  bottom  slopes  more 
groiluully  lowni'ds  the  centre,  where  the  mean  depth  (incretuslng  from  the 
'WUBtwtird)  of  the  channel  may  be  fairly  placed  at  400  feel  below  the  pres' 
ent  eurfocc  of  the  waiurs.  In  this  wcliini  of  tiie  lake,  the  avtirtgo  ^\npe 
from  both  shores  may  bo  staled  at  30  feet  in  a  mile,  Al  a  short  distance 
east  of  the  T8ih  meridian,  the  character  of  the  late  Imttifm  chant^a  in  a 
mnwl  conspicuous  luannL-r.  Here  we  llnd  a  deeper  channel  which  extends 
tor  more  tiiau  ninety  milea,  having  an  average  depth  of  ahoul  90  fathoms 
or  S40  feet,  wUli,  in  some  places,  a  trougli  of  about  001)  feet  depth,  gcner- 
Ml)y  near  the  southurn  margin  of  Ihe  SO-fathom  channel.  Here  and  [here 
f*  tk  de«per  sounding— ihe  deepest  being  123  fathoms  or  738  feet.  Tlie  long 
ctiKDoel,  surrounded  by  Ihe  OO-fathoni  contour  line,  la  silunled  at  a  mean 
'tivtance  of  nol  leas  than  twenty  milea  from  the  Canadian  shore,  whilst  lis 
*>MiUicm  aide  approuchca  in  some  places  lo  within  six  miles  of  the  Anier- 
'oan  shore,  willi  which  it  la  parallel.  This  BOfathom  channel  varies  from 
Uifec  to  twelve  miles  in  width.  Its  broadest  and  deepest  portion  ia  south 
*>f  the  Canadian  peninsula  of  Prince  Edwards' County. 

Tlie  mean  slope  of  the  lake  bottom,  from  the  Canadian  ahore  lo  Ihls  deep 
^liannel  juat  pointed  out,  may  be  placed  at  less  than  twenty -Ave  feel  in  a 
ll*ilc,  with  variations  from  twenty  lo  thirty  feet  in  that  distance.  The  mean 
*l«>po  fttna  Ihc  New  York  shore  line  lo  the  90-fathom  channel  may  !» 
Pl«Oi.-d  al  sixty  feel  ia  a  mile,  but  varying  generally  from  flfly  to  ninety 
'^«L  On  exumlnution  we  find  thai  the  grciiter  poi'lion  of  this  slope  belongs 
^*^  A  hell  which  descends  much  more  rapidly  than  the  ofTslioro  depression. 
Tlial  lh<T  ruiulhern  side  of  Lake  Ontario  has  a  eubinerged  series  of  eseari>- 
**K>nis  or  one  moduraU'iy  atocp  and  of  great  dimensions,  is  manifest  when 
^*-'  cnuie  to  study  the  aoundlnga.  In  fact.  If  tliu  Iwd  of  Lake  Ontariit  were 
**fted  oul  of  the  water,  this  submerged  escarpment  would  !>e  niore  cou- 
*l»icuous  than  the  greater  portion  of  the  present  one,  known  ljy  Iho  name 
-^C  iUm  KutgaK.     Id  many  ptocee  the  deacent  from  the  talde-Iand  above  Ihe 

lo  more  procipilous   thau  ihe  slopes  of  thesul>>j 
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merged  C&mbro- Silurian  (Hudson  Hirer,  In  pnrt,  if  nol  throughout 
entire  Icnglli)  rocks,  wlili  its  Eloping  aummit,  in  [lart  crowni^  by  a  gfintif 
sloping  surfLLC«  or  Medina  slialeB,     Nearly  north  of  ibe  mouih  uf  lb*  Gen*' 
esee  river  vie  find  tliaC  within  a  single  mile  the  soundings  varj-  Trum  r«n; 
three  lo  acvcnty-eight  t^ihonis  (between  contour  lines),     This  givcB  a  si: 
den  descent  in  one  mile  of  310  fcel.    As  the  soiindings  are  nol  tiiktn  o 
tinnously  lo  show  to  the  eonlrary,  most  of  the  cliBoge  of  levels  ttay 
within  a  few  hundred  yards. 

In  the  region  of  Iheeo  soundings  the  deepest  water  outside  uf  the  > 
fathom  line  Is  M  falUoms,  while  from  the  shore  to  the  48  faUinm  soiiniliMl 
the  least  distance  is  four  and  n  half  miles,  thus  giving  tlie  grenlcat  ma 
slope  of  thi)  lake  bottom  at  sixty  feet  in  a  mile,  before  the  eacarpinmi 
reached. 

An  excellent  series  of  soundings  can  be  studied  in  a  line  nearly  Donli> 
ward  fhim  Pultneyville,  N.  Y.: 


:e  from  Pultneyvllle 


Depth  01 


Hlope  Itom  pnvliMii 


ifn^.' 


SntieRtflaie(^ifyiriofromIbaai^ierLigkt.Ontario,  toRtbtepUk^. 
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From  this  Uible  it  will  be  si'cn  tbat  in  a  distance  of  less  th«n  two  i^l 
the  slope  of  the  escarpment  is  the  difference  between  569  and  3411  fed.  \ 
836  feet  as  actually  recorded,  At  Hamilton,  the  Nlngara  rscxrpiBeot 
only  388  feet  above  the  lake,  which  is  two  miles  diatnni,  whilst  the  pccN 
slope  at  Thorold  Is  spread  over  csarly  twice  that  disinnce.  Thnl  this  cms 
ment  is  nol  local  is  Easily  seen.  For  a  distaeco  of  over  forty  miU*.  &« 
near  Oswego  westward,  it  plunges  down  300  feet  or  more  In  •  tirc«i| 
varying  from  less  than  two  to  three  miles.  Eastward  and  wnrtwanl 
this  portion  of  the  lake  this  submerged  escarpment  lau  be  traced  for  ncu 
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rtrti  liUDdred  miles,  Imt  wiih  the  portion  deeper  tlian  tlie  TO-falhom  coo- 
t»  u  ■-  having  mnre  gmdual  SdUodingH,  as  tbe  tiuH«  of  tlio  hills  uither  origi- 
nKl  Ijr  htul  H  mora  gradual  slope,  ur  thu  lake  in  its  wuatern  exteoaioD  has 
aiat»«»equently  been  filled  with  more  silt. 

.^k.lthuugh  wn  have  not  aouniliiigs  made  very  close  lo^^ttthur.  yet  tbe 
m.^  KKftiralilu  work  of  iho  Uniied  States  Lake  Survey  is  more  tlian  sufflclenl  to 
fw>i:»'^re  Ibe  existing  of  a  coatlnuous  i:scarpment  lliat  has  an  important  l)ear- 
in^S  <iin  tlic  Pre)(liicliLl  geography  of  the  region,  and  on  tlie  explanation  of 
ft->k<^    origin  of  Iho  Great  Lakes  theniaelves, 

T*tiB  ioundingif  ilo  not  show  a.  conspicuous  eaearpinent  aCler  )usaing  west- 
'^^rw^  w^  of  tbe  meridian  of  Niagars  river,  iiartly  on  iiccouni  of  the  sediments 
9  1 1  £  ng  Jhia  portion  ot  Ihe  lake,  and  partly  because  the  lake  in  all  proba- 
^A I  ■  Cj  never  had  ils  channel  excavat(<d  to  so  great  a  depth  aa  farther  east- 

'^.dentioa  must  be  called  lo  the  tact  that  the  depth  of  tbe  Niagara  river 
^^*  3.  S  faiboms  near  its  mouth,  but  that  the  lake  around  the  outlet  of  the 
•""  ■^^^  «■  has  not  a  depth  exceeding  four  ratboms  wltb  a  rocky  boUam. 

'^^nother  escarpmeni  at  the  level  of  Lake  Ontario,  now  buried,  was  dis- 
^'**'^^re»I  by  the  engineers  of  the  enlargement  of  the  Welland  canal,  accord. 
'■»  »C  to  Prof.  Claypole  (Can.  Nat.  Vol.  ix,  No.  4).  When  constructing,  No. 
I  I<:»«:d^  at  Port  Dalhousie,  it  was  found  that  at  ita  northern  end,  there  was 
e  of  liard  rock  which  formed  tbe  foundation  of  its  Kouthern  ej)il. 
re  than  40  feet  long  were  pushed  loio  the  slimy  earth  without 
^^ing  any  bard  tock  bottom.    This  discovery  will  be  noticed  in  tlie 

a»»«i.  • 

^<^n  of  Laka  Srit-    The  exceedingly  shallow  basin  of  Lake  Erie  basils 

near  a  level  plane  as  any  terrestrial  tract  could  l>«.     Its  mean 

^^I**X.  or  oven  maxima  and  minima  ilepihs  from  Its  western  end  for  more 

**^^*»  150  miles,  scarcely  varies  froui  13  or  13  fatboDM  for  Hie  greater  por- 

its  width.      The  eastern  20  miles  has  also  a  bed  no  deeper 

weslum  portion.    Between  these  two  portions  of  the  lake, 

hydrography  shows  an  area  with  twice  this  depth  (the    deepest 

***X4ling  being  ai  fitlbnms).    This  deepest  portion  skirls  Long  Point  (the 

^*-*"iemily.  a   modern  peninsula  of  lacustrine  origin),   and   has  a  some- 

^"^^«  Iranaveree  course.     Ail  area  of  less  than  40  miles  long  has  a  depth 

ire  than  20  fatlioms.     The  deeper  channel  seems  to  turn  around  Long 

I,  and  lake  a  course  towanls  Haldemand  caunty,  In  our  Canadian 

I      '    ^^^^'^"X^nce.  somewhere  weat  of  Maliland.     Tbe  outlet  of  the  lake.  In  the  dl- 

^^^^*«n  of  Ihc  Niagara  river,  has  a  rocky  bottom  (Coniferous  limestone). 

f^      ^^  ftie  study  of  this  lake  at  first  appears   less   practicable   than  that  of 

j^**  •-^*jio,  bnt,  when  lis  former  outlet  and  its  tributary  rivers  are  described, 

i^^  "Xnriler  trusts  tliat  ho  will  have  made  some  observations,  Ibal  may  help 

f^     ^^i  «nir  tbe  darkness  that  bangs  about  the  history  of  our  interesting  lake 

■^^*^^n,  betbre  Die 'advent  of  the  Ice  Age. 

«  Dun<ta$  ValUff  and  adjaMut  Camnt.    We  may  consider  that  the 

)■  ILei^rt  of  ClUot  Knulneer  Ol  (Tanadlnn  Cannln.  IHNO. 
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»  nitle  long,  300  Tcet  deep  and  Iwtwccn  300  and  300  ynrde  will?  nliu  mouth. 
Ai  tli«  tieftd  of  ilil»  U  Hpencer  Falls,  185  feel  high,  aod  joiclog  it  laterally 
iliero  is  doolUer  eahnn.  with  a  cnnsidenible  stream  flowing  frora  Wcbster'B 
Palla,  wliioh,  however,  is  of  less  height  than  the  other.  Tlie  watnrg  feed' 
1*>S  1  heir  Hreams  coini!  fntm  northward  of  the  eacarpmeni,  and  belong  tii 
•*  sy  Btviu  of  drainage  diflereni  from  those  streama  which  How  down  through 
•^B  Urin  of  tlie  Dundaa  valley,  and  are  of  much  greater  length.  At  the  foot 
'*''  Sf^ncer  Falls,  the  waters  strike  the  upper  portion  of  the  Cliuton  sbaly  beds. 
^bo  Kalla  now  are  [wo  feet  deeper  than  twenty  years  ago.  Yet  the  stream 
'^  ^mnll.  and  makM  a  pond  below  la  the  snh  shales.  But  this  difference  in 
***-■'  K'"  does  not  represent  the  rale  of  weariug  or  recessiim  of  the  precipice. 
*  '*n.t  ibe  slreAm  Is  much  smaller  than  formerly  is  plainly  to  be  seen,  for  at 
''•"•^^m  it  has  cut  a  narrow  chaanel,  frnm  ten  to  fifteen  yards  in  width, 
*  -•'^■'e  the  falls,  and  from  four  to  six  feet  deep,  on  one  side  of  the  more 
****si('nt  valley,  whicli  is  about  SO  yards  wide  and  30  feet  deep,  excavated  in 
^^^     Niagara  dolomites. 

^^^T^hc  surfaces  of  the  escarpment  in  both  sides  of  Olens  Spencer  and 

^^^  l«t«r  present  a  (wcaliar  BS|>ect.     That  on  tlie  north-eastern  side  has  a 

Vlmum  height  of  530  feet  above  the  lake.    On  the  same  side,  a  section 

le  longitudinally  allows  sevurat  broad  shallow  glens  nearly  a  hundred 

.   deep  cn>salng   it  and  entering   Olen   Spencer.     Tiic   surface  of  the 

■  glaciated,  hut  not  pniuUet  with  the  direction  of  the  channels. 

Uie  south'Weatern  side  of  the  same  eanon,  we  find  that  a  [xirtiau  of 

thin  becln  of  Upper  Niagara  limestone  have  been  removed.    This  ah- 

™^**«jo  is  not  gcuoml,  for  it  soon  regains  iia  average  height  of  about  iSOO  feel. 

-X^andaa  ifitrih.    The  eastern  end  of  the  Dundas  valley  coDtniiis  a  large 

^^^••.nip,  nearly  three  miles  long,  with  a  breadth  of  about  three- fourilis  of  a 

^^'*«^  known  in  the  early  settlement  of  the  country  by  the  name  of  Coote's 


-•'"bia  marsh  was  formerly  connected  by  a  small  rivulet  with  Burlington 

^***-3^,  but  this  was  BUb!e(|uently  closed  by  the  G.  W.   Railway,  wlien  the 

^'^  ^*^ing  of  Desjardin's  canal   through  Burlington  heights  was  compIe!eil. 

**  ^^=1  this  marsh  all  the  drainage  of  the  Dundas  valley  is  deirasited,  utuaing 

'    *^«=»  mi  up  at  the  rate  of  one-tenth  of  a  foot  per  annum. 

I  '^^arlington  HeCghU.     Across  the  eastern  end  of  the  Dundas  swamp  and 

I       ^***^»eorilsbranche8,are  the  Burlington  Heighis,THryIngfhiui  a  fen- hundred 

I      w^*""*^*  *"  nearly  a  quarler  of  a  mile  in  width, and  over  100  feet  In  height,  which 

~~^'  '^^  «  been  an  old  beach,  at  a  time  when  tlie  lake  level  was  at  the  same  eleva- 

^'*  *»- ,  for  we  find  that  a  lake  beach  ejilends  along  the  flanks  of  the  escarp- 

r^^*^i,  both  eastward  and  northward  for  a  considerable  distance  at  the  same 

^^^^^1.    This  Is  mentioned  here  as  forming  »  most  conspicuous  terrace, 

J.      *-i     OS  changing  the  physical  character  of  the  western  extremity  of  Bor- 

'       fc^  ~*  ^STon  bay,  and  the  outlet  of  the  Dnndas  valley.     Various  terraces  and 

I       ,  _'7"^-^iU(!a  are  found,  both  at  lower  levels,  and  also  fragments  at  higher  alti- 

ir  along  the  side  of  the  "mountain,'*  until  somE  attain  a  height  of 


*■*»<:*, 
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Tha  Or'awi  Rivtr  ValU//,  The  Omnd  river  of  OnUrio  riwa  in 
Counly  of  Omy,  not  more  ibau  iwenty-flve  miles  from  Georgian  I 
.  Thence  it  flows  southwnrd,  and  at.  Eloni  Die  rivtr  nsaiimes  a  coDspicuul 
reatare.  Hero  it  cuts  ihrough  the  OuelpU  Doiomltoa  to  n  depth  of  About  t 
feel  and  forma  a  aahon  ftliout  IIW  feet  in  width  Willi  vertical  Wdlls.  At  tl 
place  it  is  joined  hy  a  nvulet  from  the  west,  which  has  formwl  n  tribuUI 
eahon  similar  to  llint  ot  the  Qrond  river  itself. 

The  country  in  this  region  is  bo  flat  that  il  appeurs  as  a.  levyl  | 
Farther  wiulhwurd  the  river  winds  over  a  hrottder  bed,  nnd  at  Gait  til 
present  river  valley  occupies  a  portion  of  a  brood  dupreaiion  in  a  couou 
indicating  a  former  and  much  more  extensive  valley.  la  fact,  the  uld  rivi 
valley  exleted  in  ProglncinI  times,  for  the  present  stream  has  re-ext 
only  a  part  of  its  old  bed  at  Gait,  leaving  on  the  tlanks  of  one  of  ill 
(both  of  which  are)  comi>used  of  Ouelpb  Dolomites,  a  deposit  ot  Post  Ta 
tiary  drift,  io  the  form  of  a  l>ed  of  large  rounded  bouldert  mostly  of  I 
reatlan  gneisses.  The  country  for  four  miles  south  of  Gait  Is  of  sinUb 
character,  foriaing  ii  broad  valley,  In  which  the  present  river  flows. 
tills  distance  from  Ualt  tlie  river  takes  a  turn  to  the  south-westward  ;  lii 
at  the  same  place,  the  old  valley  appears  to  pass  in  a  nearly  direct  line  wil 
the  course  of  the  present  bed  (lielbre  the  modern  turn  is  made  to  the  W' 
ward).  As  this  portion  of  the  valley  now  entered,  lias  not  to  an.V  «Kt 
licen  cleaned  out  by  modern  streams,  it  forma  a  brood  shallow  dcpresa 
in  Ihe  country  extending  for  a  few  miles  in  width.  Tat,  it  is  often  OC 
pied  with  hills  composed  of  siratifled  coarse  fcnivel  belonging  to  that  h 
which  extends  from  Owen  Sound  li>  the  County  o[  Brent,  and  called  b 
the  Canadian  Oeologicsl  Survey  "  Ancmesia  gmvol." 

It  is  through  a  portion  of  this  valley  that  the  Faircliild'a  creek  flowi 
Hanyatreama  derive  their  supplies  of  water  from  the  Beverly  awun) 
which  also  feed  ilic  Lindsay  crook,  tbnl  emptiea  over  Wcliater  IUIb  h 
flows  down  Glen  Spencer  through  the  Dundas  valley  to  Lake  Ontario. 

The  G.  W.  Railway,  at  four  miles  south  of  Gait,  enters  this  valley  Ml 
.  or  Its  branches  as  far  as  Harrlaburg,  though  tho  deeper  &I 
Is  near  St.  George  (a  short  distance  west  of  Barrisburg).  AflH 
leaving  what  1  consider  Its  more  ancient  bed.  south  of  Gait  {unless  t 
country  between  the  present  bed  and  Fairchlld's  creek  wa»  an  iaiaad).  I 
Grand  river  flows  southward  to  Paris  and  Branlford,  having  a  deep,  bra 
valley.  At  the  latter  place  the  valley  may  flilrly  be  plac<.>d  at  a  few  ni 
in  width,  while  further  to  the  eas'ward  the  river  winds  in  an  old  ootin 
which  had  formerly  a  width  of  over  four  miles  (see  map).  In  the  ngia 
of  Brantfbrd  the  valley  is  bounded  by  a  «on)»wiiat  elevated  plateau. 
Paris.  Neith'a  creek  enters  the  Grand  river  from  the  west,  and  has  a  <ra 
Ir^y  almost  comparable  in  size  with  that  of  tho  latter  at  this  town, 
Paris,  the  Grand  river  cuts  through  the  plaster-liearlng  Unoodaga  for 
lion.  Bimilar  rocks  appear  at  various  places  along  Ilia  river,  at  pfa 
where  the  river  ha.i  cleaned  out  a  portion  of  one  side  of  its  Bni:tent  vkU^ 

At  Ihe  Great  Western  Railway  crossing,  cast  of  Puris,  the  bed  of  1 


Iflfil.]  311  I  [Spencer. 


I 


river  has  an  altitude  of  495  feet  above  Lake  Ontario,  while  at  Brantford  it 
is  ^XO  feet  (this  elevation  may  not  be  perfectly  accurate)  above  the  same 
datixza.  From  Brantford  the  river  winda  through  a  broad  valley,  with  a 
gencsral  easterly  direction,  to  Seneca,  where  the  immediate  bed  is  about 
qu&rt*er  of  a  mile  wide,  flowing  at  the  southern  side  of  a  valley,  more  than 
tiw'o  miles  wide,  and  75  feet  below  its  boundaries,  which  are  440  feet  above 
I«alce  Ontario  (see  profile  on  subsequent  page).  At  Seneca  the  bed  of  the 
present  river-course  is  865  feet  above  Lake  Ontario,  or  only  87  feet  above 
Erie.  (The  H.  &  N.  W.  Railway  levels  give  Lake  Erie  as  828  feet 
Lake  Ontario,  whilst  the  Report  of  the  Chief  Engineer  of  the  Wei* 
lan^  Canal  states  that  the  difference  of  level  is  826|  feet.  As  these  two 
levels  agree  so  nearly,  and  as  the  other  figures  refer  to  the  railway  levels, 
I  liave  followed  them  here.)  Eastward  from  Seneca  the  river  continues  to 
l^&'V'e  its  broad  valley  as  far  as  Cayuga.  To  near  this  town  the  waters  of 
the  Welland  canal  feeder  reach,  at  a  height  of  about  9  (?)  feet  above  Lake 


^Vom  Seneca  to  Cayuga  the  direction  of  the  valley  is  nearly  south,  but 
^  the  latter  place  it  abruptly  turns  nearly  to  the  eastward,  and  in  a  short 
dtstance  it  passes  to  a  flatter  country  and  flows  over  Coniferous  limeAtone. 
^C^r  a  sluggish  flow,  it  enters  Lake  Erie  (passing  through  a  marshy 
^^^'^ntry)  at  Port  Maitland,  more  than  fifteen  miles  in  a  direct  line  from 
^^iynga.  It  must  be  remembered  that,  from  Seneca  to  Cayuga,  the  valley 
^  ^road  and  conspicuous.  At  only  a  short  distance  south  of  the  river,  at 
^^^*ieca,  the  summit  of  the  country  is  occupied  by  a  gravel  ridge.* 

^^^turning  to  the  valley  of  Fairchild's  creek,  we  find  the  stream  princi- 

'^^^ly  flowing  in  the  former  bed  of  the  Grand  river,  abandoned  a  few  miles 

"^lowGkilt  since  the  Ice  Age.    This  creek  crosses  the  Great  Western  Rail- 

^^►^  at  a  level  of  fifteen  feet  below  the  crossing  of  the  Grand  river,  at  a 

^^^^  miles  to  the  westward.    Again,  the  Fairchild's  creek  crosses  the 

^"^^ntford  and  Harrisburg  railway  at  an  altitude  of  407  feet  above  Lake 

^^^%ario.  or  a  little  below  that  of  the  Grand  river  at  Brantford,  although  it 

ties  into  it  a  few  miles  east  of  the  city  just  named. 

'airchild's  creek  is  now  of  moderate  size  meandering  through  the  drift 

"^^  a  width  of  two  miles.    This  drift  is  in  part  stratified  clay.     The  Grand 

^  "She  General  Manager  and  Chief  Engineer  of  the  air  line  of  the  O.  W.  RalU 

^^^^^  have  recently  kindly  furnished  me  with  a  proflie  of  the  railway  crossing 

®^^»  the  Grand  river,    A  similar  favor  has  been  kindly  conceded  by  the  Chief 

^"^IKlneer  of  the  Canada  Southern  Railway.    From  both  of  these  lines  of  levels 

^*^<gaat  a  mile  apart)  we  And  that  the  hard  rock  appears  in  the  drift  at  a  few  feet 

^^^4i^w  the  bed  of  the  river,  but  at  a  level  below  that  of  the  surface  of  Lake  Erie4 

^^^  stream,  at  these  places,  occupies  the  eastern  portion  of  the  valley  about 

^^^^^  miles  from  the  northern  or  north-western  boundary  of  the  valley,  marked 

"^  the  contour  line  of  410  feet  above  Lake  Ontario,  noticed  south  of  Reneca,  but 

^^Ich  alao occurs  westward  of  Cayuga,  near  the  general  bend  in  course  of  the 

"^^r.   On  both  of  these  profiles,  at  about  half  a  mile  to  the  westward  of  the 

I'^^^Mntsite  of  the  river,  a  depression  in  the  drift  occurs  to  a  depth  but  little 

in  r^r|0r  ^Q  ihakt  of  the  present  river-bed.    This  appears  to  mark  thtt  place  where 

^^  ancient  channel  leaves  what  Is  now  the  modern  direction  of  the  river  for  a 

^"^^rly  direct  line  to  the  Erie  basin. 


river  from  Braiitford  eagtwiinl.  is  generHllj  excavnted  from  (lie  drift  <lcpM| 
allhough  occaBionnlly  one  side  of  the  valley  shaws  rocks  of  Oiiuoi 
fumiHluiD,  expoaed  by  the  removnl  of  the  drill  in  modern  timsB.  It  U  i| 
desirable  to  call  attention  to  the  tkcl  that  in  the  region  of  Branlford,  i 
of  the  Onondaga  Formation  is  slialy  and  forms  the  surfeice  i»unirj 
covering  a  broad  belt,  nhllst  from  Seneca  eastward,  the  surtkco  ol  I 
country  is  more  generally  covered  with  Coniferous  limeaione. 

Counlrs  between  t\e  Grand  River  and  Dundat  Valleyn.  The  wat«nl 
between  these  two  present  drainage  systems  is  at  only  a  short  distsnoe  sen 
west  of  Copetown,  and  the  distance  in  a  direction  from  the  Faircblld'i 
the  Dunda.1  »ide  of  this  divide  is  less  tlun  seven  miles,  with  on  bvm 
altitude  of  less  than  480  feet  (.l\it  same  as  that  of  the  FairchiWs  CTMk  ■ 
crosses  the  Great  Weatem  Railway).  The  highest  point  that  1  b 
leveled  is  402  feet  above  Lake  Ontnriu.  On  receding  westward  from 
divide,  the  country  gradually  ileHCends  to  the  Fairchild's  creek,  which, 
it  crosses  the  Bmntford  and  ilarrisburg  Railway,  Is  407  above  the  lake, 
is  considerably  lower  where  it  enters  the  Grand  river.  The  region  belw 
the  divide  and  the  Grand  river  is  traversed  from  north-wesl  to  sonth-a 
hy  a  considerable  number  of  streams,  all  will]  relatively  targe  val^yv,  i 
in  the  drift,  since  the  present  systcra  of  drainage  was  inaugurated  In  P 
Glacial  times. 

The  country  from  Jersey ville  (about  4((S  feet  above  lake)  slopes  gtadul 
to  the  Grand  river,  from  six  to  eight  miles  distant  to  the  southward. 

On  examination,  it  may  be  seen  that  the  ©lontry  is  loo  high  to  pCCI 
the  Fairchild's  creek  or  Grand  river,  as  they  are  At  present  sltiMted.  to  1) 
over  the  height  of  land  into  the  upper  portion  of  the  Dunda»  valley, 
referred  to  before,  the  Niagara  limestone  forming  the  summit  of  tltc 
carpment  at  Ancaeter  and  eastward  has  a  height  of  about  500  feeL  Tb 
beds  dip  at  only  about  3S  feet  in  a  mile  (to  about  20  degrees  west  of  mM 
and  are  not  generally  covered  by  a  great  thickness  of  drift,  but  in  nu 
places  are  exposed  on  or  near  the  surface.  Westward  of  Ancasttw  tl 
limestones  are  nowhere  to  be  found,  but  the  country  is  only  covered 
drifl.  At  a  short  distance  west  of  this  village,  we 
north-easterly  and  easterly  with  very  deep  valleys  in  the  drift, 
the  absence  of  the  floor  of  limestone  to  a  depth  of  over  3S0  f«el  hel<nr 
Eurlkce  of  the  escarpment.  Bui  on  going  westward  we  And  that  llii  Km 
have  not  cut  to  an  equal  deptli,  but  still  niuning  deeply  tbmagfa  di 
Eventually  we  reach  the  divide.  alWr  which  we  And  Ihnt  other  syMeoi 
streams  also  cut  deoply  in  the  drift  running  in  a  soutli-t^osterty  iliredfoi 
join  the  Grand  river :  but  the  Niagara  limcslone  is  alweut  f^m  a  oonri 
able  extent  of  country. 

On  the  northern  side  of  the  Dundaa  valley  the  escarpment  afW  ta 
ing  Copetown  is  hurled  by  the  drift.  Although  the  line  of  boried  * 
recedes  somewhat  to  tbe  northward  of  the  Great  Wcsiem  Rallw^, 
there  are  occasional  exposures,  as  al  Troy  and  other  pliuxs  In 
Fbnihoru,   where   the  underlying   limcstunes   come  to   the 


1881.1  313  [Spencec 

HttrrlBburg  the  limestones  are  known  to  be  absent  for  a  depth  of  more 
thma  72  feet,  as  shown  in  a  deep  well  in  the  drift. 

In  the  town  of  Paris  one  well  came  upon  hard  rock  at  10  feet  below  the 
tarface,  whilst  another  at  100  feet  in  depth,  reached  no  further  than 
^XHilder  clay.  This  last  well  must  have  been  in  a  buried  channel  of  Neith's 
ci^eek,  as  outcrops  of  gypsum-bearing  beds  of  the  Onondaga  Formation 
fi^^equently  occur  near  the  summit  of  the  hills.  From  what  has  Just  been 
^xitten,  it  is  easily  seen  that  the  Niagara  limestones  are  absent  from  a  more 
or  less  horizontal  floor  (which  is  over  500  feet  above  the  lake,  on  both  the 
iK>rthem  and  southern  sides  of  the  Dundas  valley)  which  continues  from 
^Qndas  westward  to  near  Harrisburg,  where  it  meets  a  portion  of  the 
Onuid  River  valley.  But  almost  immediately  west  of  Ancaster  we  find 
streams  running  northward  at  right  angles  to  the  escarpment,  and  cut- 
ting through  drift  to  the  depth  of  almost  hundreds  of  feet.  In  fact,  if  we 
dnt^  a  line  from  Dundas  to  northward  of  Harrisburg  (a  mile  or  two),  and 
aiftother  from  Ancaster  southward  to  the  Grand  river,  we  have  two  limits 
of  i^  region  where  the  limestone  floor  has  been  cut  away  from  an  otherwise 
S^neially  level  region.  The  southern  side  of  this  area  is  the  south- 
cm  margin  of  the  Grand  River  valley,  between  Seneca  and  Brantford,  and 
^^  'Western  boundary  is  composed  of  Onondaga  rocks  east  of  Paris  (which 
Pcfhaps  forms  an  island  of  rocks  buried  more  or  less  in  drift). 

-A.dditional  proofs  may  be  cited.  About  a  mile  south  of  Copetown  a  well 
^AB  sunk  to  the  depth  of  100  feet  before  water  was  obtained.  At  two 
^les  south  east  of  the  same  village  there  is  small  pond  only  240  feet  above 
^*«ce  Ontario,  or  more  than  260  feet  below  the  neighboring  escarpment. 
Tlfeia  is  in  drift.  Again,  at  a  mile  north  of  Jerseyville,  the  country  has  a 
^isM  of  465  feet,  with  a  well  in  the  surface  soil  to  a  depth  of  40  feet. 
^  ftmall  rivulet  flows  in  a  valley  a  few  hundred  yards  south  of  the  last 
'^^Olod  well  which  has  a  bed  485  feet  above  the  lake.  At  about  a  mile  west 
^  ^I^erseyville,  the  altitude  is  408  feet  with  a  well  52  feet  deep.  Again,  at 
*^*<>Ut  two  miles  west  of  the  same  village,  near  the  county  line,  the  altitude 
^^60  feet,  with  a  well  57  feet  deep  (the  bottom  being  lower  than  the  Fair- 
^Ud's  creek  more  than  three  miles  to  the  westward).  About  a  mile  north 
^  the  last  named  station  is  a  ravine  436  feel  with  the  adjacent  hills  forty. 
^^^  higher,  and  rising  in  a  mile  or  two  to  about  500  feet.  All  these  wells 
^^  in  the  drift.  From  exposures  near  Ancaster,  it  appears  that  the  un- 
"^i^iifled  drift  has  not  an  altitude  of  much  more  than  400  feet.  And  as  we 
^'^w  that  some  of  these  superficial  l)eds  are  stratified  clay,  and  over  most 
of  the  country  just  described  not  a  boulder  is  to  be  seen,  neither  on  the  sur- 
fiH)e  nor  in  the  material  taken  from  the  greater  portions  of  the  wells,  it  is 
i^bmble  that  the  water  is  only  obtained  on  reaching  the  more  porous 
^^oulder  clay  below.  It  has  also  been  noticed  that  two  wells,  at  least,  are 
^^  feet  deep  before  reai3h|ng  water,  therefore  we  may  fiurly  place  this  as 
^utthe  inferior  limit  of  stratified  superficial  clays.  By  reference  to  the 
^^^(^Qinpanying  map,  it  will  be  seen  that  westward  of  the  meridian  of  Ancas- 
^  there  is  an  area  of  over  100  square  miles,  where  the  Niagara  floor  is 
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known  ti>  be  removed  cverywliere  to  a  depth  of  100  Teet.  nnd  in  i 
portic)n  to  more  lliao  2m  feet,  and  still  nenrer  Lake  Ontario  to  » 
dopth  of  taoTis  tlian  300  feel  belon  its  waters. 
III.  ToposRAPBT  AND  HYRROoRApa?  OP  Lakes  Supkrior.  MtcmoA^ 
Hdros  and  St.  Clair, 

As  the  orlgtn  orali  ourgrent  lakes  isgo  doselyrelntccl,  il  win  not  two 
of  place  to  describe  briefly  some  of  the  reatures  nf  the  upper  takes  Ihat « 
penr  mo§t  Btriking.  In  ihe  present  paper  it  is  na\y  intended 
tioD  to  Bome  of  [he  exUiing  physical  feaiures  of  tliese  great  Imslns  of  wat 
that  appear  to  Ehow  a  relation  which  existed  In  a  more  or  Icm 
origin  ofBlJ  our  lakes.  Though  I  have  frequently  visited  many 
on  theBD  lakes,  for  this  portion  of  the  present  paper  1  lun  pnrticulArly 
debted  lo  Ocnerat  Coiustock,  Superintendent  of  ihe  U-  9-  Lake  Som 
who  kindly  furnished  nie  with  the  lake  charts. 

Lak»  Suprrior.     This  lake   may  be  described  tis  a  large  bstln  iritb 
level  or  gently  undulating  bottom  and  steep  margins.     The  tneui  (fa 
may  be  placed  at  8O0  feet  below  its  present  surface.     Very  few  snotidl 
exceed  900  leet.     Of  these,  one  near  the  centre  of  the  basin  is  054  feci, 
another,  not  far  from  Dulutb,  is  10S6  feet — the  maslmiim  depth  of  Vti 
lake,  as  shown  by  the  hjdroErapby, 

The  depth  of  the  lake  at  three  or  four  miles  from  the  shore  is  gtnenSlf 
as  great  as  in  its  centre ;  in  fact,  it  is  often  deeper  near  the  shore  oo 
north-weslemside.    However,  about  Ibe  Apostle  islandii,  bet  ween  the  PIO" 
lured  rocks  and  8r,  Mary's  river,  and  in  some  of  the  bays,  the  wateni 
shallower  than  in  the  open  lake,  witli  their  floors  more  or  Ins  gndu 
sloping  as  tbey  recede  from  the  land.     As  is  well  known,  the  lake  !•  gwi 
ally  surrounded  by  crystalline  or  metamorphic  rocks,  which  rise  rrom  V* 
eral  hundred  toeven  twelve  or  thirteen  hundred  feel  above  its  surfiiM;    h 
short,  tlie   near  shore  hydrography  simply  shows  ttint  the  presenl  ffllf 
merged  margins  of  the  lake  are  composed  nf  the  bases  of  the  sam*  mgp* 
hills  that  surround  it  above  the  water.    The  margin  of  tills  monnu'i^ 
bound  bnsin  forms  a  strong  contrast  with  its  floor,  which,  at  mnst.  btflf 
a  slightly  undulating  plane,   extending  for  nearly  lis  whole   length 
oflen  for  little  less  ttinn  lis  brcadtli,  excepting  tn  its  santheBetem 
and  some  other  places  referred  to  above.    In  fact,  the  lake  bottom  f» 
as  level  as  most  extensive  planes  which  are  now  subjected  tomb-i 


That  this  great  plane  is  not  covered  with  any  great  depth  of  <tri( 
(excepting  locally)  appears  evident  on  examining  the  rhanwier  of' 
bottom  of  the  lake  in  the  soundings  just  off  Kewei-naw  point,  am)  IfadM 
the  northward.    In  the  various  locHllties  hard  and  rocky  bottoms  »r«  si 
found  in  lK>lh  places,  at  the  same  depths,  so  frequently  that   they  casW 
be  regarded  as  only  rocky  eminences  protruding  through  the  sill 
bottom  which  is  generally  observed. 

The  general  direction  of  the  deepest  channel.  fV>r  more  thKn  91 
along  the  norlhwcslBru  mnrgin  of  t  lie  laku,  appears  tn  point  to  •  rt"^ 
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in  the  region  of  its  south-western  extremity,  and  the  few  deeper 
holes  to  have  been  produced  by  some  receding  cascade  from  the  adjacent 
sliore  to  which  there  appears  to  be  a  transverse  deep  channel  south  of  the 
mouth  of  (Gooseberry  river. 

Again,  Prof.  N.  H.  Winchell  calls  attention  to  the  depression  in  the  low 

country  between  the  Chocolate  river  (east  of  Marquette),  and  Train  bay 

(near  the  Pictured  rocks),  as  the  only  place  where  there  could  have  been 

connection  between  the  basins  of  Lakes  Superior  and  Michigan.    It  may 

be  remarked  that  some  of  the  deeper  soundings  put  in  towards  this  portion 

of  the  coast,  whilst,  to  the  westward  and  eastward,  the  present  lake  bottom 

slopes  more  gradually.    The  soundings,  however,  that  are  near  the  shore, 

show  a  rocky  bottom,  excepting  north  of  Laughing  Fish  point  (Sable 

river),  and  along  a  narrow  channel  north  of  the  mouth  of  Chocolate  river. 

The  lake  is  very  shallow  for  some  distance  westward  of  the  St.  Mary's 

river. 

Lake  MicfUgan,    This  lake  may  be  said  to  consist  of  a  broad  long  plane, 

the  northern  half  having  a  mean  depth  of  about  600  feet,  whilst  the 

><MUidings  in  the  southern  half  are  not  much  more  than  half  that  measure- 

ii^ent.    The  deepest  sounding  recorded  is  870  feet,  in  the  latitude  of  the 

*>uthem  end  of  Green  bay.    Throughout  the  whole  length,  the  lake  ap- 

P^^  to  be  traversed  by  a  deep  channel,  and  in  the  northern  end  by  more 

^^n  one.    Although  the  pitch  of  the  bottom  from  the  shore  line  is  more  or 

***  gradual — generally  less  than  40  feet  in  a  mile— yet,  along  the  eastern 

''Qe  there  is  a  precipitous  escarpment  extending  for  a  considerable  distance, 

^^ich  in  one  place  suddenly  descends,  in  a  horizontal  line  of  little  over  a 

®*le,  from  17  to  93  fathoms,  or  456  feet,  and  increases  60  feet  more  in  the 

"»stnnce  of  another  mile. 

'^he  conspicuous  channels  in  the  submerged  plane  extend  far  northward  to 
^^^r  the  end  of  the  lake.  An  interesting  sounding  east  of  the  mouth  of 
^^  Ifanistique  river  shows  a  depth  of  448  feet,  at  a  distance  of  two  miles 
ffOtti  the  shore,  whilst  all  the  adjacent  depths  do  not  exceed  11  fathoms- 
^«^is  appears  to  be  a  continuation  of  the  deep  soundings,  ten  miles  to  the 
**Uthward,  but  the  surrounding  lake  bottom  is  covered  with  drift  to  a  great 
"*Pth,  wherever  the  Niagara'  limestones  have  been  removed.  It  is  more 
^^^^^^  probable  that  this  great  depth  is  in  a  rock-bound  channel  of  an  ancient 
^^•^«r  coarse,  which  elsewhere  has  been  filled  with  drift.  It  seems  proba. 
'^^^  that  it  was  a  portion  of  a  buried  channel  extending  through  the  valley 
^'tlie  Manistique  lakes  to  the  depression  in  the  country  south  of  Lake  Su. 
P^*^^r,  alluded  to  above,  and  formed  a  Preglacial  connection  between  the 
^*^^eys  of  Lakes  Superior  and  Michigan.  Prof.  Winchell  regards  the  val- 
•^  l)etween  the  two  lakes  along  the  Chocolate  and  White  Fish  rivers  (the 
^^^r  emptying  into  Little  Bale  De  Noc),  as  indicating  the  ancient  con- 
'^^'^^ion.  This  route  seems  less  favorable,  as  both  Little  Bale  de  Noc  and 
^*'*^«n  bay  are  shallow  compared  with  Lake  Michigan,  for  the  greatest  depth, 
^^H^  is  near  an  outlet  through  Portes  des  Mortes,  is  only  32  fathoms, 
^aiiat  generally  the  bay  does  not  exceed  100  feet. 
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Green  bnj  is  sepiinled  rroin  Lake  Michigan  by  &  Niagara  escarpme 
facing  tlie  wesLwnrd.  and  rising  two  ur  three  handred  feet  above  tM 
watetB.  Tliere  appears  not  lo  have  hoen  any  cloeer  coDneclions  bettrec 
these  two  baslna  at  any  previous  time  ihan  at  preaent,  excepilsg  wlieo  Ur.~~'-*^ 
waters  were  at  a  higher  level.  Wo  are  lold  that  from  Green  baj  for  4C— — **' 
miles  lo  the  Mississippi  river,  a  broad.  low  depresMon  occurs  in  the  cooe^^^^^ 
try  and  may  have  been  a  former  outlet  for  Lake  Superior.  This  valley  :;=^*^ 
filled  with  drift  even  if  it  ever  bad  a  sufflcieat  depth.* 

Grand  Traverse  bay  has  a  considerable  depth  in  both  of  its  branch tssizS'' 
especially  in  the  eastern.    Here  we  find  depths  lo  613  feet,  whilst  its 
cm  mouth  is  now  tilled,  so  thnt  it  does  not  eieee.1  I2D  feeL 

The  north  eastern  portion  of  the  basin  of  Lake  Michigan  has  a  ( 
depth  of  less  than  100  feel,  but  with  deeper  chaonels  running  IhrDaKh  It- 
Many  of  the  soundings  about  Llie  8lraits  of  Mackinac  abowa  rocky  botloo' 
al  no  great  deptlis.  The  channel  between  the  lO-fathom  conMur  margin^as-  -' 
is  not  much  more  than  a  mile  and  a  half  wide,  and  thongh  geaeratly  shKl-  ' 
lower,  contains  a  hole  3.'>2  feet  d^p.  In  proceeding  ontward.  the  deepvsV  ^^ 
channel  paaaes  northward  of  Mackinac  island,  having  a  deplb  not  exceed — V^ 
ing  216  feet,  and  a  width  of  less  than  a  mile. 

Again,  a  depression  of  the  country  extends  from  near  Chicago,  on  Lak^^  -^ 
Michigan,  towards  the  Miasissippi  river,  which,  in  some  places,  is  )Ea<iw[K~« 
to  be  ailed  wiib  drift  lo  a  depth  of  more  than  200  feel,  according  to  Dr._-> 
Newberry.  This  is  along  the  nUnois  river,  whose  viilley  is  frotn  twa  laC^~ 
ten  miles  wide  ;  whoae  mou[h  is  200  feet  lower  than  Lake  Michigan  ;  andC^  - 
whoee  upper  streams,  near  Chicago,  are  only  a  few  fcut  higher  tbnn  U 
nolgli boring  lake. 

Lakn  Huron  and  St.  Clair.  Of  these  water  basins  we  can  make  Ciiw 
divblons.  The  first  section  may  bo  made  to  inclnde  the  shallow  b 
simtU  of  a  line  drawn  from  Thunder  bay,  or  Presqq'  lie.  to  Einamdine,  in 
Canada,  and  Lake  SL  Clair.  The  second  basin  comprises  the  deep  chan- 
nels of  Lake  Huron,  and  extends  northward  lo  the  MAnilMuIiii  islanda  and 
the  Indian  peninsula ;  the  third,  the  north  channel  between  the  Mnnilaalin 
islanda  and  the  Huronian  hills,  lo  the  northward  ;  the  fourth,  Oeuriglaa 
bay  proper. 

The  tint  of  these  divisions  is  represented  by  shallow  water,  seldom  Uiirly- 

■  ^ln<«  vrlllng  the  above.  I  have  rononately  been  lUile  U>  un  Oaneral  U'ar> 
reu'n  Reponon  the  Tnnsparlstlan  Route  troio  tha  Mlislsalppi  rivn  lo  (Jnaa 
buy  ii'lo  the  WlicntiAtnaud  Fox  rivers).  In  Ihli  report  ve  dnd  that  lltt- boUoni 
of  the  valley  alluded  to  In  the  text  has  a  maximum  lieight  of  XKS  frat  aliove 
OreenbBT.and  also  that  Luke  Wlnnelneo  (on  Fox  river)  Is  IWmt  nbovvUi* 
nme  water.  This  imall  lakf  diKhnrget  t>y  Ihe  Fox  river,  wblcb  Hows  urer 
hard  limestone*  down  a  teiies  oC  rapid i.  Therefore  Green  hay  never  d iKhartmt 
lu  waters  Into  the  Hlsxlulppl  rlver.aucl  Ihlsdepressloo  In  tlieeuuiilry  belwcan 
the  Oraat  liver  and  Luke  UlchlEau  ithp  Cireen  bay  portion)  wax  not  a  Ibr 
outlet  or  tAke  Superior.  *luee  It  was  within  about  aMTeet  at  llie  present  l« 
TlilalketslreDgthens  the  probable  coircclnenoC  the  iDKiestlon  thai  Idke  Su- 
perior emptied  iDlo  tbe  Donbera  end  of  Lake  Mlohlcan  dlrecUjr,    Ali)tt,Qn 

bayhaievldenliy  Iheeharsclerornfloid,    The  aulk       "    ■     

only  have  beeu  b;  Ibe  lun  country  along  the  IlUnola 
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r^  fiithoms  deep,  but  with  a  channel  of  about  fifty  fathoms  depth  running 
gb  it,  towards  the  direction  of  the  north  angle  of  the  Au  Sable  river, 
Brewster's  mills.  Saginaw  bay,  belonging  to  this  8e<;tion.  is  like 
bay,  shallow  even  at  its  mouth,  where  it  is  less  than  100  feet  deep, 
e  St.  Clidr  is  a  flat  plane,  with  its  bed  varying  from  18  to  21  feet 
&low  its  surftkce,  and  is  altogether  modern. 

Detroit  the  drift  is  180  feet  deep.  The  three  south-western  coun- 
of  Ontario  are  low  and  flat,  and  covered  with  drift  varying  gen* 
r&lly  fh>m  50  to  100  feet  in  thickness  below  the  level  of  Lake  Erie.  In 
ilmccs  it  is  known  to  be  absent  to  a  depth  of  200  feet  below  the  same  lake 
n  portions  of  a  buried  channel  to  be  noticed  below.  In  fact,  all  the  evi- 
lenoe  appears  to  show  that  the  southern  end  of  Lake  Huron  and  the  west- 
ern end  of  Lake  Erie,  with  the  intervening  region,  constituted  one  plane 
imderlaid  by  a  considerable  depth  of  Erian  shales,  reposing  on  the  thick 
dev€k>pment  of  Coniferous  limestone,  and  traversed  by  deep  channels 
ranning  through  iL 

.  The  section  of  Lake  Huron  under  consideration  is  mostly  excavated  out 
of  Upper  Erian  shales  in  a  direction  at  right  angles  to  the  trend  of  the 
fonnations.  The  denuding  action  was  lessened  when  the  waters  in  the 
deeper  northern  part  of  the  lake  subsided  to  a  level  having  a  southern  mar- 
gin bounded  by  hard  Coniferous  limestone,  covered  to  no  very  great  depth 
^nth  Upper  Erian  shales  subjected  to  only  sub -aerial  action — ^the  whole 
tnversed  with  water  courses  in  deep  channels. 

"Hie  second  division  into  which,  for  convenience,  I  have  made  of  Lake 
Haion,  is  that  portion  between  the  line  drawn  from  Presqu*  He  to  Kincar- 
dine, sDd  the  Manitoulin  islands  to  the  northward.  This  is  the  deepest 
IKWtioD  of  the  lake  and  extends  in  a  direction  running  {torn  north-west  to 
louUi-east.  It  consists  of  a  broad  plane  traversed  by  several  deep  channels. 
^  average  depth  of  this  plane  below  the  surface  of  the  lake  does  not  ez- 
<M  75  fathoms,  although  there  are  channels  much  deeper,  one  of  which  is 
'vp'neoted  by  a  depth  of  117  fiithoms.  There  is  also  one  isolated  sounding, 
▼bich  reaches  125  fathoms  or  750  feet,  this  being  the  deepest  spot  known. 

Ilie  deeper  channels  appear  to  lead  from  the  northern  portions  of  the 
^^  and  unite  as  they  proceed  southward,  being  separated  by  elevations 
Mcatbg  peninsulas  or  islands.  Two  of  the  principal  channels  appear  to 
P'oeeed  fh>m  Mississagua  strait  (between  Manitoulin  and  Cockburn 
''^ds),  and  fh)m  south  of  Manitoulin  island,  eastward  of  the  Duck 
^*^d8.  However,  the  channels  in  the  marginal  portions  of  the  lake  are 
PienUly  more  obscured  by  drift  or  silt  than  towards  the  central  waters. 
The  channel,  if  such  you  can  call  it,  proceeding  from  the  Mackinaw  straits 
vof  hiferior  depth  to  those  leading  from  the  more  northern  end  of  the  lake. 

Tbig  portion  of  the  lake  is  excavated  out  of  the  rocks  of  the  various  for- 
'^''^ns  fh)m  the  Niagara  to  the  Coniferous  limestones.  But  most  largely 
^o(  the  more  or  less  soft  rocks  of  the  Onondaga  group,  along  the  strike 
^f  tbeae  formations,  thus  giving  the  eroding  agencies  the  power  of  remov- 
es the  softer  basal  rocks,  and  of  producing  an  escarpment  of  tlic  Conifer- 
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ous  limestone  looking  to  the  northward,  until  it  was  finally  nndefmiii* 
and  worn  back  to  its  present  position,  submerged  beneath  the  shaUon 
waters  of  the  southern  portion  of  the  lake,  or  buried  in  drift  deposits. 

On  the  northern  side,  the  lake  has  not  made  so  much  encroachment, 
it  is  bounded  by  the  hard  Niagara  limestones  of  the  ManitoaUn  isbni 
and  the  Indian  peninsula  of  Canada,  the  strata  dipping  down  beneath  tl 
lake.  Tet  it  must  be  noticed  that  these  rocky  shores  are  indented  bj  b 
merous  deep  bays  transverse  to  their  directions. 

The  North  Channel-  This  is  generally  a  shallow  water,  the  gresti 
depth  being  only  204  feet.  To  the  northward,  we  have  the  Huronian  rod 
forming  the  boundary.  The  islands,  especially  towards  the  eastward,  u 
near  the  whole  north  shore,  are  generally  composed  of  Trenton  limestoD 

The  southern  margin  of  the  channel,  bounded  by  Manitoulin  and  tl 
other  islands,  is  often  composed  of  Hudson  river,  more  or  less,  shaly  rock 
overlaid  by  the  Niagara  limestones  (where  not  removed  by  denadatioo 
constituting  an  escarpment  facing  the  northward.  In  fact,  the  whole  oft) 
north  channel  is  principally  scooped  out  of  the  Hudson  River  Formstki 
which  attains  a  considerable  thickness  in  this  region. 

Dr.  Robert  Bell  states  that  he  has  observed  fifteen  anticlinal  folds  tn 
ersing  the  group  of  the  Manitoulin  islands  ;  and  it  is  in  these  that  we  ill 
the  great  indentations,  and  lakes  in  the  islands,  as  well  as  the  straits  wbii 
separate  them.  Doubtless  many  of  the  southern  ends  of  the  Bfanitonl 
lakes  and  channels  are  filled  with  drift  For  example,  the  mouth  of  Sou 
bay  is  only  38  feet  deep,  whilst  the  upper  portion  is  generally  deep,  oi 
place  giving  a  sounding  of  156  feet. 

In  fact,  tlie  north  channel  mav  be  considered  as  a  broad  coritinuation 
the  Spanish  river  westward.  The  Mississagua  river  points  directly 
MississaiTua  straits,  which  are  304  feet  deep,  as  deep  as  any  part  of  tl 
channel  itself.  Thessalon  river  has  a  direction  towards  False  Bay  De  Too 
which  is  186  feet  deep.  Vermilion  river  flows  amongst  the  islands  w« 
of  Cloche  mountains  and  probably  had  a  connection  to  Lake  Huron  throai 
some  of  the  buried  channels  across  Manitoulin  islands,  as  between  Maniio 
aning  and  South  bays. 

The  narrow^  channel  between  the  peninsula  of  Cloche  mountains  ar 
Manitoulin  island  is  less  than  60  feel  deep  and  appears  to  be  a  modern  co 
nection  with  Georgian  bay. 

Georgian  Bay.  The  eastern  and  northern  margins  of  this  bay  are  oni 
posed  of  crystalline  rocks  ;  the  sonlh  etistern,  of  Trenton  limeston 
whilst  the  western  is  made  up  of  the  Hudson  River  shales  capped  wilh  tl 
Niagara  limestone,  on  the  Indian  peninsula  and  Manitoulin  island.  Tfc 
basin  is  principally  excavated  out  of  the  Uticn  shale,  and  the  somewh 
harder  rocks  of  the  Hudson  River  Formation.  It  lies  along  the  junction 
the  various  formations,  and  thus  on  the  removal  of  the  lower  soft  layers 
rock,  an  escarpment  was  produced  which  has  subsequently  and  slow 
continued  to  be  undermined. 

In  the  channels  connecting  this  hay  with  Lake  Huron,  there  arc  m»n 
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gmall  islands  separated  by  shallow  water.  Tet  in  one  place  there  are  two 
deep  soundings  reaching  51  and  42  fathoms.  The  bay  itself  is  much  deeper 
than  these  passages,  for  there  is  an  escarpment  submerged  to  a  depth  of 
496  feet  immediately  off  the  Indian  peninsula,  at  Cabot's  Head,  which  is 
itself  824  feet  above  the  bay.  This  peninsula  is  deeply  indented  with  bays 
er  fiords. 

There  is  a  depression  from  the  southern  end  of  the  bay»  through  the  val- 
ley occupied  by  Simcoe,  Balsom.  Rice  and  other  lakes,  to  the  Trent  river, 
emptying  into  the  Bay  of  Quints,  an  arm  of.  Lake  Ontario.  This  will 
be  alluded  to  again. 

lY.  Thk  Buried  Riybk  Chaknbl  in  the  Dundas  Valley  and  its  £x- 

TKN  SIGNS. 

That  the  Dundas  valley  is  that  of  an  ancient  river  valley  now  buried  to 
a  great  depth  with  the  debrii  produced  in  the  Ice  Age,  becomes  apparent 
ooacarefhl  study  of  the  region.  However,  until  a  key  was  discovered  the 
inywery  of  its  origin  was  found  to  be  very  obscure.  My  own  labors  at 
•fldying  this  region  may  fairly  be  stated  as  the  first  systematic  attempts  at 
the  solution  of  the  present  configuration  of  the  western  end  of  Lake 
Ontario  and  the  adjacent  valley .  Assertions  have  been  made  that  it  was 
Moped  out  by  a  glacier,  but  this  wild  hypothesis  was  only  a  statement 
A>de  without  any  regard  to  facts. 

'  From  the  description  of  the  topography,  given  in  Section  II,  of  this  paper, 
ft  will  he  seen  that  the  apparent  length  of  the  rock -bound  valley  is  six 
■rfitt,  with  a  width  of  over  two  miles ;  then  it  widens  suddenly  to  four 
"fiiks  (with  concave  curves  on  both  sides),  after  which  it  gradually  increases 
hi  width  as  it  opens  into  Lake  Ontario.  The  direction  of  the  axis  of  the 
^1^  is  about  N.  70**  E.  The  summit  edges  of  the  rock-walls  on  both 
iWcs  are  sharply  angular  and  not  rounded  or  truncated.  This  angularity 
ii  oot  due  to  frost  action  since  the  Ice  Age,  to  any  extent,  as  is  shown  by  the 
^hwacter  of  the  talus.  The'nxjksof  the  summit  are  frequently  covered 
with  ice  markings,  but  I  am  not  aware  of  any  locality  where  they  have 
hcen  observed  as  being  parallel  with  the  true  direction  of  the  valley,  but  on 
*]1  rides  one  can  observe  them  (sometimes  at  only  small  angles  of  less  than 
^degrees)  making  conspicuous  angles  with  its  axis.  One  exception  may 
h^nade  to  this  statement.  On  a  projecting  ledge  of  Clinton  limestone,  at 
Kossel's  quarry,  near  Hamilton,  at  a  height  of  254  feet  above  the  lake,  and 
W4fect  below  the  summit  of  the  "  mountain,"  after  the  removal  of  some 
^*hi8, 1  observed  that  the  surface  was  polished,  but  with  scratches  so  faint 
^t  they  could  scarcely  be  compared  with  those  of  fine  sandpaper  on  wood  ; 
•^  the  direction,  if  determinable,  was  parallel  with  the  overhanging  es- 
^^ipment.  There  are  many  tributary  canons,  which  are  evidently  of 
Plater  antiquity  than  the  Ice  Age,  which  could  not  have  excavated  by 
^  present  streams,  and  are  at  all  soits  of  directions  compared  with  the 
*^ted  surface  of  the  country. 

The  topography  of  the  lower  lake  regions  precludes  the  idea  of  a  glacier 
'■Owing  down  the  valley  to  the  north-eastward.    Again,  as  the  direc- 
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Hou  of  ihe  ice  was  ton-ards  llie  soulli-wesl,  tbe  wiUera  from  iho  melUi 
glnciers  could  scarcely  flow  up  an  escarpment  mnny  hundreds  ur  feet : 
height.  Even  if  tlie  Niagnra  escarpnieiit  did  nut  exist  elau where,  tlia  dm 
parallellalu  of  tlie  atriic.  and  edges  of  tlie  escarpmem  with  tbeir  6ag«li 
BUinmJtB,  is  sufficient  ta  pmre  tlie  nua-glacial  origin  of  llie  Tallef  In  A 
hard  Kmeatone  roclts.  Moreover,  at  llie  eastern  eud  of  the  natruwer  TM 
tloD  of  tlie  valley,  tliere  Hre  two  concave  curves  facing  the  lake,  whicli  " 
necessity  would  iuve  l>een  removud  if  auch  a  gigaatic  grinding  ag«ni  liu 
been  moving  up  the  valley. 

Thisglocier-orlgin  of  the  valley  being  an  absolutely  untenable  hypotli«i< 
I  sought  for  some  fluviatile  agent  capable  of  effecting  the  present  configun- 
tion  of  the  region.  At  the  time,  no  idea  occurred  that  even  the  great  nll»] 
of  the  present  is  only  a  miserable  remnant  of  one  of  gigantic  proportim 
obscured  by  hundreds  of  feet  of  drift.     The  question  aroM,  coulil  Ulu 
Erie  have  ever  emptied  by  this  valley  Y    This  suggestinn  did  not  hoU  III 
ground  for  any  length  of  time,  because  the  present  levels  are  all  too  lil|k 
NcarGalt,  the  traces  of  the  true  origin  Bratpresented  themselves.     Atmnd 
oftheOreat  Western  Railway  extends  [h)m  Qalt  southward  foraboalfbu 
miles  in  the  valley  of  the  Grand  river,  alter  wliich,  without  making  Mjin 
portant  ascent,  it  passes  into  tbe  broad  older  valley,  described  above  4s(U 
ia  which  Fairchlld's  creek  now  Qaws.     After  a  careful  emmiiutioa  of  Ih 
region,  and  of  the  railway  levels,  I  came  to  the  conclusion  that  this  mtv 
old  buriuil  valley.    It  then  became  apparent  that  if  the  Gr»nd  rivsf  iii 
occupied  the  site  of  the  Faircbild's  creek,  that  the  latter  probulily  to'ni 
down  the  Dundas  valley,  and  thai  IheQriLud  river,  being  one  orthalujH 
ol  the  rivers  of  Ontario,  might  have  been  a  Bufflcient  canac  fur  tbe  |M 
excavBlion  at  llie  western  end  of  Lake  Ontario.     Having  procured  dib 
levels  that  bore  on  tlie  subject  which  were  available,  it  l>caime  asomu] 
lo  connect  several   places  myself  by  insinimental  rueHsureaieulBi 
work  was   accniuplished   last  July,   wilh  tlie   aid  of  Prof.   Wilklm. 
the  whole  floor  ol   Niagara  limestones  is  absent,  as  has  prevjouilf ' 
shown,  the  proof  that  the  ancient  Oraad  river  (lowed  down  the  DobA* 
valle;  was  completed,  and  of  this  discovery  there  was  published 
notice  last  August.     Signiflcaut  and  inlerestlng  as  this  fact  was,  reUKnt* 
the  change  of  systems  in  our  CanodiaD  drainage,  a  still  luorc  iinpoRt* 
isane  was  Involved.    When  taking  the  levels  between  the  OundM 
(modern)  and  the  Grand  river,  it  was  found  that  the  whole  otlcaraootMlP 
was  removed  from  a  basin  several  miles  In  width,  and  that  all  Uw 
were  sunk  to  a  consideralile  depth  in   the  drin  before  water  conM  (* 
obtained.     On  glancing  at  the  map  it  will  be  seen  that  the  Grand  rii 
from  firanlfurd  to  Seneca  meanders  through  a  brand  courw,  which  In 
ancient  basin  is  several  miles  in  width,  but  that  fTOm  8«neca  the  valbj  f 
narrower,  and  the  course  of  the  stream  more  direct,  as  far  ns  Caya^   A^ 
Seneca  the  valley  is  two  miles  wide,  and  seventy -Ave  feel  d<*p.    Alto 
bod  of  the  Grand  river  at  Seneca  is  In  drill  which  !■  oalg  SZ 
'  It  Uke  inio  which  it  now  empties.   As  has  I 
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«n  Xhe  topogmplij,  this  broad  vallej  coiitlnacB  lo  CnyiigB  wilbin  a  Tew 
ni.1et  of  llie  lake,  whence  ila  foriuer  prolinlile  cniirse  v/as  by  a  nearly 
direct  line  to  Luke  Erie,  now  AUvA  wiOi  drift,  near  the  preMtiit  bend  in 
Ui«  river  tonards (lie  eiulward.  At  CHyngn,  lUe  rock  beneatb  Lbedilfl-bed 
of  ilio  rlrer  is  belnw  the  lalcu  level,  on  the  margin  of  its  Hncient  valley. 
(See  note,  Section  II.) 

Baving  observed  the  conneclioD  between  the  Dundas  valley,  Gnnd 
li'erftnd  Lake  Erie,  it  dawned  on  tne  tliat  I  bad  eatabliabed  the  knowledge 
«f  a  clunnel  having  a  very  important  bearing  on  tbe  surface  geology  of 
Uie  lake  region.  It  now  became  apparent  tbat  I>ake  Eriu  luid  flowed  by 
Uw!  Grand  river  reversed  to  a  point  west  or  niirlli-west  of  Seneca,  and 
Uieare  by  tbe  Dundas  valley  into  Lake  Ouiario;  also  llial  tbe  upper 
*<M«rB  of  the  Grand  river,  previously  discovered  as  pasaing  down  tbe 
I^Undas  valley,  were  really  iributary  to  the  outlet  of  I^ake  Erie,  and  joined 
Itaomewberesoutbof  Harrlsburg  ■  and  that  the  baain  between  the  Brantford 
iUid  tl>e  Orand  river  of  lo.day)  and  tbe  Great  Western  Railway,  at  Cope- 
t'lwu,  formed  nn  expanded  lakelet  along  the  course  of  the  aacieni  outlet  of 
''■ke  Erie,  scooped  out  of  tbe  softer  rocks  of  the  Onondaga  Formation  be- 
fore noiiced.  As  the  waters  excavated  a  bed  in  a  deeper  cbannel.ef  course 
*^U  lakelet  would  become  an  expanded  and  depressed  valley,  such  as  wo 
oflej]  g^.  amongut  the  hills  of  drift,  at  a  short  distance  westward  uf  Dun- 
^'*>a.  Possibly  (be  Grand  river  divided  and  flowed  around  an  island,  tbe 
^c«tem  side  of  which  is  occupied  now  by  tbe  town  ofpRrle.  At  any  rate, 
^eiili's  oreek,  at  that  town  formud  a  large  tributary  to  the  river  tljen 
fluwin);  down  to  Lake  Ontario. 

Along  th«  course  from  Cayuga  to  Lake  Ontario  all  olrataclesto  tiie  outlet 
'*''I-Ake  Erie  appear  to  be  removed.  But  along  the  present  course  of  the 
^''snd  river,  eastward  of  Cayuga,  tbe  waters  flow  over  Coniferous  lime- 
"Inne.  But  this  dlfSculty  Is  removed  on  observing  that  the  river,  Qlled 
*'lth  drift,  approaclies  Lake  Erie  lo  within  a  direct  distance  of  about  sll 
'**ni^  but  that  at  this  place  It  leaves  its  southward  course  and  also  Its  con. 
"Plcuous  valley  and  Hows  eastward,  in  Ibe  same  manner  as  the  Niagara 
'■'ver,  above  the  Wliiripool.  left  its  old  cboked-up  outlet  by  the  valley  of 
^^  David,  and  cleaned  out  a  new  channel  for  itsulf  through  severnl  miles, 
"*  bnrd  rock,  from  (Jueenslon  southward. 

'W'e  tiave  recently  seen  by  a  note  in  the  second  section  of  this  paper,  that 
*^*  Onuid  Klver  bed  is  near  the  eaelern  margin  of  its  ancient  valley  at 
^^>'I)gH.  From  northward  oi  this  town,  at  about  half  a  mile  to  the  west- 
^**^  of  the  river,  u  deep  depression  iu  the  drift  indicates  the  deeper  i«r- 
^|^*«  of  the  ancient  river  as  it  left  the  modern  channel  direct  for  the  Lake 
'^*^«  basin.  Also  along  ibis  route  the  bard  rock  is  known  to  be  absent  lo 
*  '^^splh  below  the  surface  of  Lake  Erie. 

^  r»  Ohio,  the  Geological  Survey  considers  that  Maumee  river  emptied  Into 
~|^^  ^V'abash.    If  the  walen  of  Lake  Eric  ever  passed  by  this  route  into  the 
'lwl|ipi  river  when  tliey  were  at  no  higher  level  than  at  present,  then 
must  lie  a  channct  buried  to  a  depth  reaching  at  1ea.-<t  170  feet  above 


lUo  lake,  as  that  is  the  eleraUon  or  Uie  divide  between  llie  upper  n 
dieee  two  rivers. 

The  outlet  of  Lake  Erie.  indlcaWd  In  this  paper,  is  knonn  al  tonny  plocr 
along  its  mule  lo  have  do  rock-bed  fur  u  distance  below  the  surfiwe  of  iV 
higher  lake,   and  lo  a  pnibable  depth  abown  below  sufflcientljr  gnat   < 
emply  Lake  Huron. 

Again,  Mr.  Oarll  has  shown  that  the  AUegheBy  drainage  pi 
Dunkirk  into  the  Erie  baain  at  a  place  jusiopixiHitu  to  its  outlet,  oi 
by  the  preeenr.  writer. 

MucIj  of  the  Duodaa  valley  is  underlaid  hj  stratified  Erie  clay,  which  i 
known  to  extend  [o  a  depth  of  <H1  feet  ImsIow  the  surface  of  Lake  OtiUtri(v>^ 
according  to  Dr.  Roliert  Bell,  Id  the  upiier  pan  of  the  valley,  stream.^' 
have  exposed  some  de[K>atUi  of  unatraiiBed  clay  filled  with  ODgulnr  sliingjcv 
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■\-~.n  l(ivei'l-'"imNti<<»:  2.  Medina  malM :  S,  Ntacamand  CUoUQ 
annie  tliales.  A.  I',  \>,  tl.  modern  valky  ntiDeridlan  Of  Burllai- 
nn  Holgbl*:  a,  C,  D,  b,  modern  mllHy  at  meridian  or  DuiiUa«;  a,  c.  d,  e.  b,  Mc- 
1oD9  across,  deeply  oienvaled  In  beds  or  streams  In  western  port  of  the  Ditndaa 
'nlley:  1.  Boulder  clay  fill  Ins  anolsiil  valley  ;  fi.  Erie  cloy:  >.  TalasA-oiti  M 
ire>carpment:T.  Old  benoli,  lUS  reel  above  lake  at  Burlington  Belgbt*.  O.  Dca^ 
iirdlii)  cBoal  leading  CTom  Dundas  marsti  lo  Burlinglon  bay ;  W.  W,  well  at 
il  Hotel.  Hauillton  ;  W,  another  well  at  Dundns;  L.  O,  level  or  Lake  Un- 
:  L.  E,  level  or  Lake  Ole.  HorltontBl  scale,  3  mllca  to  au  Inch  ;  VentMt 
I,  lUoreelloimlnGh. 


derived  fhim  the  thin  beds  of  limeatone  fortnini;  the  upper  portion  of 
Niagum  Fonnatinn.    In  the  eastern  portion  of  the  valley,  the  Erh 
overlaid  un conformably  by  brown  Snugeen  clay  or  (nam 
the  upper  portions  of  the  valley  the  hills  are  capped 
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mds.  But  along  some  of  the  hillsides  excavated  so  deeply  in  the  drift, 
re  find  old  beaches  resting  unconformably  on  boulder  clay. 
Near  the  centre  of  the  city  of  Hamilton,  in  the  wider  portion  of  the 
)iinda8  valley,  a  well  was  sunk  to  the  depth  of  over  1000  feet.  This 
ffell  revealed  a  most  interesting  fact.  Though  known  to  me  several 
fears  ago,  I  did  not  apply  it  until  recently  to  its  true  bearing, 
smoe  discovering  the  origin  of  the  Dundas  valley.  Mr.  J.  M.  Williams 
lonk  this  well,  at  the  Royal  Hotel,  in  Hamilton.  He  told  me  several 
years  ago  that  he  had  to  sink  through  290  feet  of  boulders,  before 
coming  to  hard  rock,  thus  causing  the  outlay  of  a  large  sum  of  money  in 
excess  of  his  calculations.  Unfortunately,  this  well-record  has  been  lost 
by  liie.  At  that  time,  the  fact  was  so  fresh  in  his  memory  (improved  by  the 
eztnordinary  cost  of  the  well)  that  his  statement  could  be  relied  on,  being 
experienced  in  well-borings.  The  mouth  of  this  well  is  A8  feet  above  Lake 
Oitario,  and  therefore  the  hard  rocks  are  absent  for  a  depth  of  227  feet  be- 
low the  lake  surface.    See  section.  Fig.  2. 

As  the  valley  is  five  miles  wide  at  this  place,  and  as  the  well  is  only  about 
OM  BUe  distant  firom  its  southern  side,  it  becomes  apparent  that  the  valley 
In  the  centre  must  have  been  much  deeper.  Moreover,  if  we  produce  the 
•onbera  side  of  that  portion  of  the  valley,  which  is  over  two  miles  wide, 
W€find  that  the  well  is  less  than  a  quarter  of  a  mile  away  f^om  it.  Now  if 
^fe  eoonect  the  top  of  the  Medina  shales  (240  feet  above  Lake  Ontario) 
with  the  base  of  the  drift  in  the  well,  and  produce  it  to  the  centre  of  the 
^tOay,  it  would  indicate  a  central  depth  of  over  500  feet.  At  the  base  of 
titt  drift  there  are  nearly  fifty  feet  of  Medina  shales,  l>elow  which  are  the 
Bodioii  River  rocks  (more  onless  calcareous  and  arenaceous,  mixed  with  the 
iMsi).  This  harder  formation  along  the  bed  of  a  river  would  be  less  exten- 
fMty  removed  by  aqueous  action  than  the  overlying  Medina  shales,  espe- 
dWtfit  the  pitch  of  the  waters  would  be  much  lessened.  This  graphic  method 
aTiilkalation  seems  as  perfectly  admissible  here  as  it  does  in  determin- 
Mf  0kher  oonst&nts  of  nature.  However,  I  have  placed  the  estimated  depth 
Hllklieelion  at  about  70  fathoms  below  the  lake  surface,  which  depth  is 
nribeOy  compatible  with  the  soundings  of  the  lake  of  no  very  great  dis- 
ttaee  to  the  eastward.  Even  this  depth  gives  only  very  gentle  slopes  fh>m 
Glides  of  the  river  valley.  It  should  be  remarked  that  Burlington  bay 
btscavated  fh>m  stratified  clays  in  places  to  a  depth  of  78  feet.  But  this 
filter  it  silting  up  comparatively  quickly. 

Kow  we  have  seen  that  the  deep  excavation  in  the  Dundas  valley  and 
^^ward  is  cut  through  more  than  250  feet  of  Niagara  and  Clinton  rocks, 
iiMBtly  of  limestone,  and  to  a  depth  in  the  Medina  shales,  so  that  the  total 
^^^own  depth  of  the  canon  is  743  feet,  but  with  a  calculated  depth  in  the 
'^^eof  the  channel  of  about  1000  feet.  This  depth  for  a  cation  is  not 
•^i'lordinary  for  Eastern  America.  In  Tennessee  there  are  river  valleys 
^ciTated  to  a  depth  of  IGOO  feet,  and  in  Pennsylvania  Mr.  Garll  reports 
^^'^tti  to  be  equally  deep. 

^Id,  this  Preglacial  river  explains  the  cause  of  the  present  topography 
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tern  end  of  Lake  Ontario.  The  drainage  by  tliisrWor  si 
the  submerged  i«carpnjont  of  L»ke  Ontario,  describe 
jes,  until  it  ]iasaed  llie  nieridifin  of  Oswego, 
icb  an  outlet,  aud  wtih  the  imcient  Grand  Itiver  vallej 
lepth,  VIC  hare  an  easy  a'jlution  to  lUe  problem  of  Uie 
'sie.     See  section.  Fig.  8. 

Sfcfimt  ofOra/id Riipriallef  atSeruva, 


Fia  3.— Section  of  Grand  River  v Alley  at  Seneca.  A.  D,  C,  H,  B,  Utl 
or  theH.  AN.  W.  Railwny;  liorUsonlnl  UlBWime.  2  mtleB  to  an  Inch: 
(Otieet  loan  Inch.  C.  represents  pailtlon  of  Qntnd  river;  D,  C,  H.  v 
mile*  irlJe  and  with  maximum  depth  ofTa  feet  L.  K,  l''vel  of  Lake  E 
level  o[  LaheOuUrto;  D,  F.  H,  probable  depth  of  burled  valley. 

Attention  lias  been  called  in  Ibie  paper  lo  t)ie  deepest  portion 
Erie  being  soulbward  of  Haldimand  county,  and  about  the  end 
point,  and  esteading  transversely  lowarda  the  Pennsylvania  sUon 

tk>  far,  our  remarks  have  applied  to  Canada.  If  we  turn  to* 
American  shore,  we  will  see  that  the  observations  made  there 
strongly  in  support  of  what  has  been  written. 

Several  years  since  Dr.  Newberry,  Mr.  Gilbert,  and  others,  call 
tion  to  the  deeply  buried  valleys  of  the  Cuyahoga,  Chagrin,  Gra 
mee  and  other  rivera  in  Ohii>,  which  emptied  into  Lake  Erie  mu 
their  present  levels.  The  Cuyahoga  hiks  its  channel  buried  to  a 
328  feet  below  the  surface  of  Lake  Erie  of  our  time,  whilst  tbt 
water  in  the  neighboring  portion  of  the  lake  Is  less  than  a  bundr» 
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X)rt  III,  of  the  Pennsylvania  Geological  Survey,  issued  in  Novem- 
),  Mr.  John  F.  Garll  published  excellent  maps  of  the  Preglacial 
of  that  State  and  the  neighboring  portions  of  the  adjoining  States. 
art  on  the  Preglacial  rivers  is  the  result  of  five  years'  labors  in  the 
IS,  and  niany  of  Mr.  Carll's  results  have  been  derived  from  the 
lie  known  by  the  borings  for  mineral  oil. 

s  calling  attention  to  the  very  deep  valleys  of  erosion  amongst  the 
08,  Mr.  Carll  has  shown  that  in  the  oil  regions  the  river  valleys 
lently  filled  with  drift  to  a  depth  of  from  200  to  450  feet.  In  fact, 
11  the  present  rivers  flow  over  beds  deeply  filled  with  drift.  The 
be  Preglacial  drainage  shows  that  the  upper  waters  of  the  AUe- 
nplied  by  the  Cassadaga  river,  reversed,  into  Lake  Erie,  near  Dun- 
1  had  for  tributaries  many  other  streams  now  fiowing  southward  ; 
nple,  the  Cone  wan  go.  These  streams  drained  an  area  of  4000 
hich  now  sends  its  surplus  waters  to  the  Ohio  river.  Again,  the 
and  other  rivers,  now  emptying  southward  from  the  Conneaut 
aptied  in  Preglacial  times  into  Lake  Erie,  westward  of  Erie  city, 
tie  Chenango,  Connoquenessing,  Mahoning  and  other  tributaries 
iSLver  river  (itself  now  emptying  into  the  Ohio)  flowed  northward, 
[ahoning  river  reversed,  into  the  State  of  Ohio,  to  near  the  sources 
rand  and  Cuyahoga  rivers.  Hence  Mr.  Carll  did  not  continue  its 
n  the  map,  but  from  the  study  of  the  levels  and  character  of  the 
as  described  by  the  Geological  Survey  of  Ohio,  I  have  connected 
the  Grand  river  of  Ohio,  as  represented  on  my  map.  Thus  we 
e  large  areas  now  flowing  southward  formerly  emptying  into  the 
ie  basin. 

sepest  portion  of  Lake  Erie  is  between  these  ancient  river  mouths 
incient  dSbouehement  of  the  Erie  drainage  by  the  Grand  river  of 
as  described  in  these  pages. 

jre  have  shown  a  consecutive  system  of  drainage  of  the  former 
f  the  buried  channels  into  Lake  Ontario,  and  thence  running  along 
of  the  submerged  escarpment  of  the  latter  lake  to  its  eastern  end, 
I  the  Genesee  and  other  large  rivers  along  its  course.  In  a  portion 
*esent  notes,  the  writer  will  endeavor  to  make  known  still  Airther 
ed  channels  of  Ontario,  which  exist  between  Lakes  Huron  and 
en  treating  of  the  origin  of  these  lakes. 

imaining  portion  of  this  paper  will  be  devoted  to  the  subject  of  the 
^  our  great  lakes.  The  writer  does  not  wish  to  enter  here  into  the 
in  of  the  drift  deposits,  and  their  origin  at  the  present  time,  but  to 
t  until  the  final  report  on  the  surface  geology  of  the  Western  End 
Ontario.  Yet  the  facts  brought  to  light  in  this  study  have  an  im- 
t)earing  on  the  great  controversy  of  the  Glacial  Drift,  and  lead  one 
•ncluaion  that  the  Ultra- Glacial  theorists  stand  on  uncertain  grounds. 

V.  Origin  op  our  Lower  Grea.t  Lakes. 

tormer  page  of  this  paper  attention  has  been  called  to  Prof.  Win- 
ibservations  of  an  outlet  from  Lake  Superior  by  way  of  Little  Bale 
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<]e  Noc,  aad  alBO  my  theoretical  divergence  Bligbtly  rh>m  thb  1 
TUbX  an  outlet  did  exist  somewltere  in  tbe  region  between  L^M  6o| 
and  Michigan,  Kerne  certain,  of  cnureu.  we  do  not  know  in  what  dj 
but  from  the  evidence  brnught  forwurd  fnira  the  soundings  in  the  noil 
end  of  Michigan  lake  to  at  kaet  lutlf  the  deptb  of  our  greatest  U 
probablj  to  the  whole  deplh. 

There  appears  n\ati  lo  hnve  been  an  outlet  fRim  Liike  Michipi&i^ 
Chicago,  empiying  into  the  Misaissippi  river.  Thesp  i 
outside  of  the  study  of  the  preseni  pnper,  but  before  passing  to  lUe  i 
lakes,  let  us  note  certain  facts  which  present  themselves  to  the  view  d 
writer.  Without  taking  up  the  bibliographj  of  tbu  subject,  U  ml 
stated  tbHl  some  have  regarded  the  origin  of  tbe  lakes  as  being  dua/ 
greater  or  less  extent,  to  the  geolo^cal  valley,  formed  at  Hn  eaDler 
Of  our  Qve  great  lakes,  certainljr  not  more  than  one  can  jiOMibly  conll 
this  allegory — that  is  Lake  Superior.  Not  ev«n  the  norlhern  sided 
north  chnnuel  of  Lake  Huron,  bordered  by  crystalline  rocks,  could  I 
eluded.  Tiie  writer  even  doubts  that  Lake  Superior  is  nesentially  utfi 
more  than  a  valley  of  erosion,  and  if  it  be,  it  remains  to  be  prorea.J 
its  position  was  probably  determined  to  a.  greater  or  less  extent  H 
orography  of  the  region,  and  its  excavstion  appears  lo  have  been  priail 
by  erosion.  Although  the  lake  is  in  the  region  of  very  ancient  contla 
OHcillations,  there  are  no  evidences  of  different  elevations,  and  SIlMdl 
in  dllFerent  portions  of  the  lake  basins.  Five  years  ago,  I  piilnlodim 
Buperior  was  eminently  a  region  liable  to  atmospheric  erosion.  M  ttun 
volcanic  seat  situated  about  the  Keewecnaw  Point,  in  Presilnrtena 
would  tend  lo  weaken  tbe  strata.  AH  who  have  made  asiodya 
three  miles  in  thickness  of  the  copper  bearing  rocks,  pitched  at  *■ 
angles,  whether  on  tbe  northern  or  soutliem  shores,  and  crossed  bjrn 
ous  faulla,  know  tliat  they  are  particularly  liable  to  irregular  oUiun 
decay.  As  an  example,  we  have  romaltiing  an  excellent  ewe  in  tl 
which  Portage  lake  lies,  now  a  valley  transversely  situated  In  the  Koewa 
hills,  and  excavated  lo  a  depth  iif  six  or  eight  hundred  foet.  In  U 
row  channel  between  Honghlonand  Hancock  tbe  waters itre  40  IM 
and  underlaid  by  a  considerable  depth  of  silt. 

According  lo  both  Professors  Dana  and  Whitney's  explanatiot.l 
are  valleys  of  erosion,  when  the  land  wns  at  a  higher  level ;  bat  W  a 
sary  condition,  high  hills  or  mountains  should  be  near  a  sb 
give  pitch  to  tlie  descending  waters  ;  from  this  deAnltion  wa  cs 
eider  most  of  the  bays  of  Lake  Superior.  Litkv  Huron,  and  iImmo  al 
ITIagara  escarpment  in  tbe  region  of  the  Green  bay  exlimrian  • 
Michigan,  as  Iwlonging  lo  this  category. 

Lake  Michigan  is  nearly  deep  enough  to  remove  all  the  wal 
Buperior.  Such  deep  placesas  the  ITl-fatbom  hole  nort  breast  off 
easily  be  produced  by  a  cataract,  tbe  same  as  tbe  water  in  tl 
river  is  so  much  deeper  than  its  rock  tiound  outlet  Into  ] 
Moreover,  the  peculiar  form  of  the  souib-western 
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lor  cskii  only  be  explained  as  having  in  part  been  produced  by  water, 
tu&ot^ng  in  one  direction  or  the  other,  as  the  St.  Louis  river  now  empties, 
itP*iluth. 

Tl^ckt  the  other  lakes  are  not  occasioned  by  a  geological  depression  or 
^e^&^ion  can  be  easily  seen,  as  tliey  are  exclusively  excavated  from  strati- 
fled  ixicks  lying  almost  flat,  perhaps  dipping  in  no  place  at  higher  angles 
tbBX^  ^4^)  feet  in  a  mile. 

Tlx«  North  channel  and  Georgian  bay  of  Lake  Huron  belong  to  a  sepa- 

ralte  o&tegory  from  the  rest  of  the  lakes.    I  do  not  deny,  as  far  as  Lake 

O&tftrio  and  the  north-eastern  half  of  Lake  Huron  are  concerned — both  of 

wbi<^ti  are  excavated  at  the  junction  of  hard  and  soft  strata  and  parallel 

with  their  trend — that  they  might  have  had  the  direction  of  their  first 

liveTB  determined  by  continental  elevation.    Tet,  in  no  other  respect  are 

tlb^ese  lakes  now  occupying  geological  valleys. 

Dr.  Newberry  is  of  the  opinion  that  the  valley  of  Lake  Michigan  was 
separated  from  that  of  Huron  at  the  Straits  of  Afackinac,  even  at  a  com- 
lAiatively  recent  period.  I  concur  wiih  this  view  entirely.  Lake  Michi- 
pa  is  22  fathoms  deeper  than  Lake  Huron,  and  therefore  could  in  no 
DStuial  way  have  ever  been  entirely  drained  by  the  latter  lake.  There  is 
BO  evidence  of  local  subsidence,  and  the  glacier  theory  is  absolutely  unten- 
.  aUe,  as  will  be  seen  further  on.  In  the  Beach  Epoch  of  the  Ice  Age  this 
S0|ianktion  seems  to  have  existed,  as  it  is  stated  that  the  highest  beach  north 
of  Lake  Michigan  is  65  feet,  whilst  that  on  the  island  of  Mackinac  is  more 
Uwi  260  feet  above  these  waters.  We  know  that  there  are  several  corres- 
pondingly high  beaches  along  the  margins  of  the  basin,  including  the  three 
ffttit  lower  lakes. 

Thus  we  can  cut  off  the  two  western  waters  of  the  great  chain  of  Ameri- 
ca lakes  from  our  subject  and  leave  them  for  future  inquiry. 

Whether  the  above  named  outlets  of  Superior  and  Michigan  are  suffi- 
cienily  deep  to  have  drained  their  basins,  at  the  time  when  we  know  that 
the  Mississippi  valley  was  several  hundred  feet  higher  than  at  present,  re- 
.     mains  to  be  shown. 

The  writer  will  now  deal  with  those  waters  to  the  eastward,  and  see 
vhat  difficulties  have  been  removed  and  what  still  remain,  for  Lake  On- 
tario is  nearly  a  hundred  feet  deeper  than  the  deepest  sounding  of  any  of 
oor  apper  lake& 

'Dr.  Newberry  prophesied  that  an  outlet  for  Lake  Erie  into  Lake  Ontario 

'VODld  be  discovered  near  the  Welland  canal.    This  outlet  in  an  unexpected 

iKXttion  I  have  discovered,  and  in  a  position  which  explains  more  perfectly 

'  ^  cause  of  the  topography  of  Lake  Ontario  than  any  that  could  have 

^*cn  discovered  forty  miles  to  the  eastward.    Moreover,  I  have  shown  that 

•  Hi  depth  is  not  only  sufficient  to  empty  Dr.  Newberry's  deep  Cuyahoga 

(^  feet  below  Lake  Erie),  or  the  ancient  rivers,  worked  out  by  Mr.  Carll 
» (the  most  systematic  study  of  fluviatile  geology  that  has  been  done  on  this 

^Unent),  but  also  sufficiently  deep  to  empty  the  deepest  waters  of  Lake 

^ftfon  into  Lake  Ontario. 
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Wliun  wuH  the  iidvoDt  of  such  a  drainage  syGiem  Tur  iliis  oonilnntt 
Some  of  our  Americ&Q  frieDds.  wlio  have  advocated  the  iiilMcri*]  ■ 
fliivlatile  origin  or  the  lakes,  have  placed  it  back  to  tlic  Devonian  k^ 
About  the  commcncemuDl,  we  know  nothing.  It  would  tic  mroriopbu* 
it  after  the  Palteo^oic  time,  for  probably  some  portions  (if  the  Prnvlmvof 
Ontario  were  covered  with  carboniferous  deposits,  as  well  w  Mlchisu  kkS 
Ohio,  which  have  subsequently  been  removed  by  dcnudniion. 

(httletof  Lake  Huron.  Thesoulh-wcaleracountriisorOutarlomredMirf 
with  borings  for  oil.  From  these  well- records,  one  can  draw  only  a  daiM 
conclusion,  that  ihey  are  underlaid  by  drift  (mostly  straiified  and  ptntup* 
wholly)  to  a  depth  of  not  more  than  100  feel  below  the  aurikce  of  Ub' 
Erie,  and  that  generally  In  not  more  than  50  feet.  There  are  deeper  bsN 
ings  in  drift.  It  is  true,  but  these  may  be  Ihirly  considered  as  In  builrf 
channels.  For  instance,  at  Detroit  ihc  drift  is  130  feet  dMp.  Agiitwlf 
Port  Btanley,  It  is  ISO  feet  below  the  surfbce  of  the  lake  ;  at  TtenDaillf 
200  feet  l>elow  Lake  Erie  If  we  draw  a  line  from  near  the  Dorthern  u 
of  the  Au  Sable  river  lof  the  south)  to  east  of  Vienna,  we  have  a  boundvyW 
the  deeply  drift  filled  basin  of  south-western  Outario  ;  for  at  Ttlsoobuq 
St.  Mary's  and  elsewhere  (Just  oast  of  this  line)  the  hard  limeslonea  coo 
to  near  tbs  surface  of  the  country  much  above  Ibe  level  of  Lake  BM 
Excepting  a  few  shales,  at  Kettle  Point,  all  the  soulh-oastem  shorei  of  llu 
lake  are  composed  of  sand  dunca  and  other  Post-Tertiary  deposits,  Tl 
upper  portion  of  the  Thames  and  Au  Sable  rivers  are  in  consplonoodf 
Preglacial  beds  filled  with  drift.  The  Au  Sable,  after  turning  nortbDinti 
continues  in  a.  jiartly  re-excavated  valley  to  a  point  within  a  mile  of  U 
Huron,  and  tiien  turns  at  an  acute  angle  and  runs  for  *  dozen  milea  •Ml 
ward  parallel,  and  very  close,  to  the  lake  before  emptying  into  iL 

Now,  if  we  look  at  ihe  large  geological  map  of  Canada,  It  will  tm  » 
that  the  region  underlaid  by  Upper  Devonian  shales  extemlssr 
frou)  Lake  Huron,  forming  a  narrow  belt  across  Ihe  muniry  to  IdJco  S 
Dr.  Hunt  has  shown,  that  in  plaeee  these  shales  are  four  or  live  IiiUI 
feet  thick,  beneath  Ihe  drift.  On  a  careful  study,  IL  will  be  seen  that  IM 
south-western  countries  of  Ontario  simply  ftirmed  a  continuation  of  <!■ 
valley  of  Lake  Erie  to  Lake  Huron,  or  viee  neria.  The  depth  of  Uiltnl 
]ey,  or  plane,  as  we  have  seen,  does  not  exceed  100  foi-'t  below  the  U 
level  (Erie),  except  In  channels,  and  generally  leas  than  that  depth ;  «Ub 
the  waters  In  adjacent  portions  of  Lake  Erie  vary  In  depth  from  30  ft 
Ihe  western  end,  \o  a.  nmxium  depth  of  A4  feet  further  castwanl.  whenM 
moved  from  the  mass  of  modern  sediments  now  being  brought  d 
the  western  rivers.  From  these  facia,  but  one  conclusion  can  he 
and  that  Is,  the  deepest  western  portion  of  Lake  Erie  is  not  silted  iip(*( 
greater  depth  than  the  difference  between  Its  soundings  and  100  bet ;  0 
cept  in  channels,  such  as  the  Cuyahoga. 

Prom  these  figures  it  will  be  seen  that  the  country  Including  Oup^ 
portion  of  Lake  Erie,  the  south-western  counties  of  Ontario,  and  ll 
southern  |>ortion  of  Lake  Huron  formed  one  nearly  unilbrm  planr,  lo  *M 
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v-»c:1ks,  whirl),  however,  gradually  aloped  both  to  tha  northward  and  eaat- 

-^iv«.»-d  towardu  the  deepest  portioiiB  of  llio  lakes.     From  Hie  iKirings,  we  aee 

*■  t*^tX.  Iliure  were  chnnncls,  and  I  tliiak  ilint  we  are  fumishcil  with  the  data 

<<>«-     iMiintitig  out  where  the  outlet  of  Huron  formerly  flowed,  eveu  lo  a. 

-■>c  li  fiaOtcieully  gnait  to  drain  the  deepest  pcirtiou  of  the  lake,  although 

fill*2*j  with  some  sediment.  That  portion  of  the  Au  Sable  flowing  northward 

■  r*    a.(]  i)td  buried  ralloy,  and  then  turniag  southward,  iudicales  a  purtioo  of 

t  k>«  nncient  outlet.    The  chaunel  haviag  been  dammed  in  the  Ice  Age,  has 

<^^«xscd  the  modern  river  to  flow  in  ttie  capricious  mnuner  indicated  on  the 

««»mp.  Tliis  portion  of  lUe  rivor  reversed,  formed  an  ancient  nutlet  for  Lake 

^*Mron.  oud  flowed  to  Its  south-western  angle,  then  turning  eastward,  the 

■^iromion  (with  gentle  curves)  was  south  of  eastward   across  the    conn- 

^*7  to  I^ke  £rie,  having  Port  Stanley  on  its  right,  and  Vienna  on  its  left 

^■^nk.     It  Is  known  thai  the  channel  at  the  former  place  was  l.'jO  feel,  and 

^^  Ui«  latter  300  feet  below  Lake  Erie,  and  with  a  autScient  distance  be- 

*'W'een  tlicae  places  to  have  peniiilted  of  a  valley  four  times  that  depth, 

Wen  ID  the  Hamilton  shnlea,  and  underlying  Coniferous  limestones.     At  a 

*SS»<*nce  of  only  a  few  miles  eastward  of  this  line,  the  Coniferous  limealone 

'soines  to  near  the  surface  of  the  country,  and  Is  eipoaed  by  several  modem 

■'^wims.    The  upper  portion  of  the  Thames,  the  eastern  bmnchee  of  the 

A,u  3ahle,  and  otticr  streams  belong  to  Preglacial  timea  with  buried  chan- 

Q«l«,  were  tributaries  to  this  old  outlet. 

Throughout  the  south-western  counties  generally  there  is  a  broad  belt 
utKlerlaid  by  several  hundred  feet  of  Devonian  rocks  (mostly  of  shale  of  tha 
K*iiill(oii  group},  beneath  the  drift  deposits,  which  cover  them  to  a  depth 
''f  from  60  to  100  feet. 

Two  tilings  aloDg  this  route  support  the  theory  ihut  this  channel,  known 
*^  b«  200  feet  deep  (below  Lake  Erie)  and  able  lo  drain  half  of  the  aur&ce 
^f  Lkke  HuroD,wasof  more  gi^ntic  proportions,  is  tiie  nature  of  the  drift 
nc«r  PonStanley,  and  the  conliguralions  and  soundingsof  Lake  Erie.  Near 
■^*>rt  Stanley,  the  drift  ia  piled  up  much  deeper  than  it  Is  naually  found  in 
^■>  aectioD  of  the  country,  reaching  tSO  feet  aliove  the  lake.  From  which- 
"•"•t  CMiise  (glacier  or  iceberg),  it  is  just  what  would  be  expected  along  the 
''^Mrgln  of  a  valley  against  which  driA-bearing  ice  would  be  passing.     The 
"^lur  Indication  is,  that  if  we  draw  a  line  from  a  short  distance  north  of 
"^^n.  giiuiley  to  southward  of  Vienna  [the  direction  of  the  valley),  it  formi  « 
*^^AtiDUalion  of  a  nearly  direct  portion  of  the  present  shore,  curving  slightly   1 
^  K'tMig  point.  Just  olT  which  the  deepest  portion  of  the  lake  is  found,  and  I 
'^'^^Qnd  which  ibe  channel  turns,  lo  the  Orand  river  of  Canada.    It  cannoc^  L 
1*^  Justly  said  lliai  the  present  conflguralion  of  the  lake  is  Independent  of  jl 
^  E^TcKlaclal  form.     Nor  can  it  be  said  that  the  lake  is  generally  silted  up   T 
r^  SFfMt  ilepths,  except  In  channels,  for  any  such  si 

^^  '•tciA,  ns  1  have  sliotvn  from  the  analogy  iHlwecn  the  bottom  of  the 

*Mtini  end  of  the  lake,  and  the  south- western  counties,  to  be  improbable. 

Cotir««  of  PregliieUl  Hktrt.     We  are  now  able  to  construct  an  approxi- 

****>i!l]r  Uiie  river  map  from  Lake  Huron  to  the  eastern  end  of  Lake  Ontario. 
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■nd  lis  hunilrcd  teel).  Prnf.  Danii  |K>inte  out  thai  llic  conlincnl.  durlDg 
U  least  the  Hesiuoir.  If  not  the  Tertiary  times,  stoiid  at  an  altitude  equal 
to  ihU  muaBurement.  ns  sliown  by  the  soundings  at  the  mouth  of  ilie  Hud- 
son river,  vhliib  extends  90  miles  seaward  ;  nod  Prof.  HiltgArd  has  Hbown 
thu  the  >[lssiMip|ii  uIbo  liad  nearly  an  equal  ulevalion  above  that  of  liie 
prose  nt  day. 

In  Uieskutch  of  the  topography  of  Lakes  Brie  and  Huron,  we  have  seen 
Umi  the  whole  of  the  latter  lake  and  the  BoiUli-Hesicrn  half  of  ihu  roitner 
•W  «XGKTated  mosliy  onl  of  softer  rock  ;  and  the  norlh-csstcni  hairofLnku 
Baron  Is  excavated  along  llie  jiiBOtion  of  harder  and  softer  rocks  similar 
*«»  lj»ke  Ontario. 

The  raio  at  which  these  upper  lakes  were  excava'ed  would  depend  on 
M*»  rale  of  the  exravstion  of  the  Dundas  valley  and  its  extensiooB  through 
l^e  timeslone,  at  first  by  a  slow  abrasion,  and  the  solution  «f  the  carbonato 
*f  lime  by  the  carbonic  acid  held  in  tlie  water,  and  afterwards  by  ihe  nn- 
^ctiiilalng  of  the  hard  nicks  on  the  removal  of  the  Medina  shales. 

AaioOeorgian  bay  and  the  North  channel,  these  formed  Independent 
"Alleys.  That  the  North  channel  is  excavated  out  cf  the  Oambro  Silurian 
""AIm,  along  the  junction  of  Nlagam  limestones  on  one  hand,  and  themeta- 
""orpliic  rocks  on  the  other.  Is  apparent  at  a  glance ;  as  we  see  that  the 
''Pfcniah,  Missisaagna,  Thessalon,  and  other  rivers  all  point  in  that  dircc- 
*'*>n,  U  has  been  noticed  that  the  North  channel  hns  the  same  depth  as 
*^'*  deepest  outlet ;  and  alao  that  the  deeper  portions  of  the  northern  part 
"^  Laka  Huron  are  in  that  direction.  An  appropriate  coincidence  is  that 
*^*e  strait  between  Manltoulln  and  Cockburn  islands  should  be  called  Mis- 
'***«ugUB,  which  wna  doubtless  the  ancient  outlet  of  that  river ;  and  False 
**«  Tour  channel  that  of  the  Thcssaion  river. 

.^gain.  Georgian  bay  is  scooiiedout  of  the  soft  rocks  between  th((  orystal- 
**i>«rockson  the  east  and  (he  Niagara  limestones  on  the  west  along  the 
'**»^  of  junction,  similar  to  the  Norih  channel,  or  to  Lake  Ontario. 

'T'fae  Indian  peninsula  is  a  perfect  counterpart  to  the  Niagara  escarjiment. 
*■•**!  the  escarpment  submerged  beneath  Lake  Ontario.  For  iiere  the  Ni- 
^S&ra  limestones  tower  more  than  300  feet  above  Oeorgian  bay,  whilst  at 
**»^  foot,  but  submerged,  there  Is  a  preclpitoua  descent  of  500  feet  below 
*■"«  surface  of  the  lake.  The  deepest  outlet  into  Lake  Huron  is  only  about 
**>0  feuL  Whether  this  is  filled  with  drift  deposit  or  not  we  cannot  say. 
^^*^e  thing  Is  certain,  that  a  broad  depression  In  the  topography  of  the 
^**Oni[y  extends  all  the  wny  from  the  southern  end  of  Georgian  bay,  in- 
^'^^Sing  Simcoe,  Balsam.  Rice,  and  a  multitude  of  smuUcr  lakes  emptying 
■**o  the  boy  of  Quiniii  by  the  Trent  river,  to  Lake  Ontario.  A  great  sys- 
^•^a  of  drainage  did  esiat  along  this  line.  According  lo  Sir  William  Logan. 
***»«  trough  is  deeply  filled  with  drift.  Lake  Simeon  is  ISO  feel  above  Geor- 
2^"**  '"•y-  liowpviT,  and  the  height  of  laud  In  the  trough  lo  the  cast  of  I^ke 
.  ***lcoe  is  more  than  100  fi^el  higlier.  It  may  be  said  that  this  trough  is 
nded  tiy  ■  ridge  (known  as  Oak  ridge)  which  ia,  according  to  the  levels 
Toronto  and  Nipplsslng  railway,  893  feet  above  Lake  Ontario,  and 
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fiirtlicr  westward  to  abont  tlie  same  lieigbt.  TUe  country  fcraduftllj  riM 
rmm  Lake  Onlarln  lolliU  ridge,  liuL  on  piusiog  the  summil,  it  da 
nearly  300  Teet.  This  ridge  coDsists  nf  drill  to  s  considerablo  deinlt  I 
Iiavo  sevetnl  prafllea  acrtiea  it.  Tel  there  are  no  indicAtlons  tliHl  the  rtrm 
such  an  the  Notiawaetiga  nnd  oibore  llowiug  nortliWHrd  into  OeOTKlu  bq. 
formerlir  flowed  in  tlie  opposilu  direction,  emptying  into  tatke  Unlario  bj 
the  Humt>er. 

Tlie  evidences  are  not  quite  clear  whetlier  llie  Georgian  bay  liwv* 
emptied  (except  when  the  waters  were  at  a  raach  higlier  level),  by  ti« 
present  outlet,  or  by  that  just  indicated.     But  Trom  the  goundlogs  T  u 
inclined  to  favor  the  present  route.     It  may  be  Etiited  that  llie  wrileltf 
assuming  too  frequently  that  llie  present  soundings  are  «ome  crlierlouot 
the  original  deinha.     This  asaumptlnn  I  liope  bi   prove  in  a  subKqW 
paper,  when  treatinij  oT  the  drift  deposits,  and  Teul  conlidenl  that  ounii 
or  confined  channels  of  comparatively  narrow  width,  or  certain  bay*,  tli 
the  evidence  adduced,  with  regard  to  the  western  end  or  Lake  Eritt,  hcHt^ 
still  nearer  lo  the  truth  when  applied  to  the  mom  northern  watvn.   If 
Georgian  bay  were  so  filled  with  drift  we  ought  not  lo  find  the  d« 
carpment  situated  so  close  lo  Indian  peninsula. 

One  more  remark  is  necesiary  with  regard  to  GoorgtaR  bay  aod  Iha 
North  channel. — that  is  concerning  the  deep  bays  or  fiords.  A.1I  ttteol 
dilions  for  the  making  of  fiords  as  noticed  under  Lake  Superior  eiiat  hn 
Owen  sound,  one  of  the  largest  of  those  fiords,  is  situated  at  the  Junclln 
of  the  Niagara  and  Hudson  River  Formations,  with  a  buried  Cl 
emptying  into  it.  aud  now  occupied  by  the  small  Sydenham  river.  Aiw/! 
rate  the  fluvlallle  origin  of  tbia  rivulet  is  unquestionahie  (altbuugb  HK 
George  J.  Hinde  asserts  that  it  was  made  by  glacUl  action),  after  thoMwIj 
that  we  htve  made  in  the  Dundus  valley.  The  buried  channel  otTjB 
Sydcnliam  river  Is  more  than  half  a  mile  wide  at  the  (own  of  lhe«n 

Borne  of  the  indentations  in  Maniloulin  island  were  prot.<ably  fonntdlQ 
rivers  flowing  across  the  Island,  but  were  cloned  by  drift  in  portions  of  iM 
course,  thus  producing  the  lakelets  and  bays.  That  most  ofthcM  bapiN 
fiords  is  apparent,  as  is  also  proven  by  the  numerous  islands  north  of  Hul' 
toulin  islands,  the  whole  being  a  perfect  counterpart  of  Puget  sound,  oral 
the  fiords  of  tlie  Scandinavian  peninsula. 

Owing  lo  the  much   greater  depth,  and  other  obstacles  of  th9  ftvUi 
time,  it  does  not  seem  at  all  likely  that  Lake  Huron  ever  empllcd^ 
Georgian  bay,  excepting  possibly  iit  the  close  of  the  great  floods  that  mi  * 
the  whole  region  from  Huron  to  Ontario  one  body  of  water,  even  tboa  Hit  i' 
present  topography  would  not  favor  it. 

Th«  OutUt  of  L/ika  Ontario.  The  three  great  questions,  involved  iaiba 
sub -aerial  and  flu  viatile  origin  of  our  three  Great  Lakes,  ore,  whore  Wtttlkt 
outlets  of  Lake  Ontario,  Lake  Erie  and  Lake  Huron,  at  sulllcieat  depthtW 
drain  their  basins.  As  shown,  the  outlet  ol  Lake  Brie  through  the  DuoilM 
valley  is  sufflcicnily  deep  lo  empty  the  Iwo  upper  takos.    Also,  the 
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iribed  on  previous  pages  poinla  to  every  conrtilion  necessary  Lo  inditstc 
clepUi  as  being:  sufflcientty  grent  to  empty  Lake  Huron,  nltbnugh  the 
measurement  (on  the  nor}li-easi  side  of  the  clianael)  lias  only 
Ml  to  300  feet  below  ilie  surface  of  Lake  Erif,  with  u  bottom  com- 
of  soft  sbales.  Tbere  now  remains  one  other  questioa  \o  be  an- 
bat  certainly  one  of  no  greater  moment  than  the  ancient  connection 
Labes  Erie  and  Octario — the  outlul  of  Lalte  Onlario. 
^r.  Newberry,  at  tiiiie»  a  glacialist,  Bnally  appears  to  ailvucatc  llie  glacial 
hVBlEon  of  tbe  lakes  after  their  courses  hod  boon  delermiaod  by  river 
Various  writers  for  the  last  twenty  ycara  have  referred  to  the  deep 
led  channel  near  Lake  Onondaga,  more  than  400  feet  below  its  surface, 
*^  iniliCBting  the  former  outlet  of  Lake  Ontario  by  Lliis  route,  ivnd  down  the 
^Coluiwk  to  Ibe  Hudson  river.  This  course  will  not  answer,  ns  tbe  Geo- 
l*>S)*9il  Surveyor  Pennsylvaaia  hasshowo.  for  at  Little  Falls.  Herkimer 
*^o*>lily,  the  Hnhftwk  Sows  over  melamorphic  rock.  Various  fluvialisls 
■""eftir  some  buritrd  route  by  the  Sr,  Lawrence.  This  seems  scarcely  possiblu, 
'^^  Uuit  great  river  flows  over  hard  rocks  at  various  points  foT2U0  miles  east- 
^^Kttl  of  Lake  Ontario,  unless  tbe  outlet  existed  somewhere  between  Kings- 
''^n  in  Canada,  and  Oswego  in  New  York,  and  continued  in  a  buried  cotirse 
•■hTaugh  crystalline  rocks  (in  part)  to  eastward  of  Montreal.  The  north - 
^■kaWm  portion  cif  Lake  Ontario  Is  very  shallow,  and  tbe  deepest  channel 
I^Oinlit  til  the  sou th-^st ward  extremity  of  the  lake. 

At  the  present  time  the  writer  knows  nothing  positively  of  the  most 
t*>^tteble  outlet,  as  that  by  the  Mohawk  will  not  answer.  Yet  he  will  pre- 
*'lvt  that  its  outlet  will  be  found  as  certainly  as  the  one  between  Lakes 
^*1e  and  Ontario,  of  which  there  was  no  clue,  or  even  suggestion  until 
^'orking  up  tbe  origin  of  the  Dundns  valley.  One  other  route  presents 
*  ^*clr,  but  as  positive  proof  Is  not  at  hanil,  I  will  defer  theorizing. 

Ttie  Geological  Survey  of  Pennsylvania  has  shown  that  many  of  the 
^  tttsr  courses,  emptying  southward  at  the  present  time,  formerly  emptied 
^^  >b«  northward.  In  New  York,  we  find  most  of  the  small  lakes  of  narrow 
**l  long  dimension.i  having  their  axis  in  a  meridional  direction.  Also. 
'■«ae  waters  are  generally  along  some  stream  flowing  northward  into  Likke 
*3tarii)  even  at  the  present  time.  Though  the  bottoms  of  these  lakes  arc 
^^^*liicntly  below  the  sea  level,  yet  In  no  case,  that  I  am  aware  of,  are  they 
*^nrly  as  d«ep  as  Lake  Onlario.  Doubtless  these  small  lakes  were  lonner 
^^iMKasions  of  the  rivers  running  into  Lake  Ontario  in  Preglaclal  times, and 
^**  lo  ioe,  simply,  the  closing  of  their  outlets  by  drift. 

-Wo  Uifal  Uind  o>fiUatlcnii  apparanl.  I  agree  with  Mr.  Carll  thai  there 
tm  inJicaliona  of  local  oscillations  in  the  I'eglon  of  our  lower  great 
at  least  to  necount  for  any  changes  in  the  drainage  systems.  It 
"^^A  been  a  popular  idea  that  the  coast  of  New  England,  even  at  tbe  present 
^^**ft,  is  sinking.  If  so,  any  changes  must  l>e  very  slow,  for  Mr.  Henry 
^^^liell.  of  tlie  United  Stales  Coast  Survey,  shows  (in  appendix  8  of  re- 
^***"  for  W771,  tUnt  the  whole  north-eastern  coast  of  the  United  States  has 
^'idergone  no  change  of  level  during  the  last  hundred  years. 
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it  would  require  to  In  load,  ( 
vae  not  local  appenra  trom  the  p 


Dapllu  of  (lit  Mct»  aannot  h«  aceounted  for  fry  (A«rrinWwIy  MgAtrA 
of  Horthtm  latStaHm.  In  the  lirsl  place.  Liiko  Ontario  tans  •  t 
much  deeper  (helow  the  aea),  Ih^n  even  Ibe  <leepe&t  sounding  IB  L 
perior.  or  SOO  feet  below  Bea-lcvel, 

If  a  sufflcient  elevation  did  occur, 
lend  far  lo  the  southwant.  That  it 
dip  of  rocks  in  which  it  lies. 

However,  any  conlinental  elevation  or  subsidence  occasioned  I 
change  of  tlie  centre  of  gravity  ut  the  earth,  such  as  Ihat  hy  the  gi 
cumiiiatiuD  of  ice  in  the  polar  reiduns.  would  lie  r^iiuai  to  the  el 
■ubmdencc  at  the*  pole  multiplied  by  the  sine  of  the  latitude. 
we  And  that  ir  the  elevation  at  the  poles  were  a  thoiisHDd  leet,  ll 
eoee  between  the  elevation  or  subaidcDce  of  tlie  unrthern  end  t 
Huron  and  the  Dundas  valley,  would  be  equal  to  only  abuat  40  ft 
were  the  ice-cap  uniform  around  the  poles,  it  has  never  been  a 
that  it  was  sufflcicnt  to  cause  a  polar  difference  of  8000  feel  of  li 
at  moat  would  effect  the  relative  levels  o(  the  northern  end  of  L 
and  the  souihern  laiitnde  of  Ontario  lo  no  greater  extent  tba 
Again,  it  is  shown  by  Prof,  Whitney.  Ihalno  ice  cap  occupied  nunfa-« 
America,  and  by  theaulhor  of  "  Pireand  Proat "  (see  Q.  J.  O.  8.).  tl 
Ice-belt  is  only  known  to  have  surrounded  the  region  ofnoMlwin  Alll 
The  greatest  changes  of  level  by  the  accumulation  or  removal  of  ice  ll 
thus  be  occasioned  ahmg  the  north-eaHtern  margin  of   Amerin  ii 
region  of  the  Appalachian  and  Laurenilan  mnuniains.     If  the  e 
continued  high  during  the  Ice  Age.  the  coastal  ranges  would  c 
of  the  moisture,  and  thus  greatly  lessen  tlie  thickness  of  any  iet  () 
the  region  of  the  great  lakes,  if  it  ever  did  exist.     This  Is  e»aclly  tl 
of  the  ice  in  Grlnneli  land  (Lat.  HT  N.).     Messrs.  Fielden  and  H 
served  "  the  paucity  of  glaciers,  and  the  non-avistence  of  the  ImJ 
(Q.  J.  G.  S..  No.  135),  and  slate  that  no  glaciers  desrend  to  tliolnntj 
■ea,  OS  on  the  Greenland  coast  or  Hal!  basin. 

The  idea  of  the  lake  basins  being  greatly  effected  by  oscillfttioni  ni 
abandoned,  except  so  far  as  the  whole  area  was  subject  to  a 
uniform  change  acting  pmportlonnbly  on  the  eastern  and  centndp 
the  continent.  Even  then,  the  change  was  fur  too  little  to  esf 
depths  of  these  waters.  Another  evidence  against  the  irregnltn 
of  the  lake  region  Is  that,  at  the  close  of  the  Ice  Age  we  have  U 
Canada  a  thousand  feet  or  more  above  the  soa,  nnd  : 
way  lo  tlie  present  surfaces  of  the  waiera.  Terraces  or  ridgMiv 
stanltar  heights  in  our  <;ountry,  Ohio,  New  Y{>rk  and  elsewhere, 
sequent  paper  the  writer  hopes  to  show  the  relation  existing  bel« 
old  beaches,  terraces  and  kame^  deposited  when  our  three  lake*  f<ai 
common  body  of  waler.  That  this  water  had  numumus  outlets.  » 
ttnent  was  rising,  has  been  pointed  out  by  the  Ocological  Sarrvf  a 
lo  say  nothing  of  the  outlets  referred  to  by  the  Surveys  of  E 
and  Caniulii.     At  only  a  companitivfly  few  levels  did  tl 
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Vnger,  as  the  lower  lake  region  was  being  desiccated,  and  therefore  we  do 
Mt  find  continuous  shorelines  between  many  of  the  beaches  ;  Carll  ex- 
phioathis  by  the  waters  being  frequently  lowered  by  debacles,  apparently 
laidequate  reason. 

Niagara  Rif>er,  That  the  Niagara  river  is  Postglacial,  at  least  from  the 
Whirlpool  to  Qucenston,  is  apparent.  It  is  known  that  the  Niagara  river 
formerly  left  its  present  course  near  the  Whirlpool  and  flowed  down  the 
mdley  of  St.  David,  which  is  now  filled  with  drift.  This  valley  (through 
Ike  limestone  escarpment)  is  not  so  great  as  the  present  canon.  This  buried 
^iHeyof  St.  David  could  only  have  been  produced  after  the  closing  of  the 
Dttodas  valley  outlet  of  the  Erie  basin,  for  until  then  the  waters  flowed  at 
tvery  much  lower  level.  Therefore,  it  seems  necessary  to  regard  this 
temel  (not  of  very  great  magnitude)  as  an  interglacial  outlet  for  Lake 
trie. 

Ae  geologists  of  the  Western  States  point  to  the  Forrest  bed  as  a  period 
HBfhigh  elevation,  preceded  by  the  Eric  clay  (stratified)  and  succeeded  by 
Ike  yellow  stratified  clays  or  loam,  corresponding  to  the  Brown  Sangeen 
ekj  of  Canada,  which  is  unconformable  to  the  underlying  Erie  clays  (or 

i  'ioBlder  clay  in  the  upper  portion  of  the  Dundas  valley).     So,  for  the 
^iment,  we  look  upon  the  old  course  of  the  Niagara  river  as  the  chan- 

'  M  excavated  during  this  warm  interglacial  period. 

EfpoiheUeal  Glacier  Origin  of  the  Lakes,    The  writer,   having  pur- 
ely left  the  hypothesis  that  the  lakes  were  excavated  by  glaciers  until 
^  'fm,  will  briefly  examine  what  evidence  is  existing.     One  cannot  do  better 
tkin  give  a  summary  of  what  Prof.  Whitney  (in  Climatic  Changes)  says 
irtlh  regard  to  the  erosive  power  of  ice.     * '  Ice  per  se  has  no  erosive  power.  * ' 
'^kciers  are  not  frozen  to  their  beds.     Ice  permeated  with  water  acts  as  a 
ittlble  body  and  can  flow  accordingly.     In  neither  the  extinct  glacier 
i^ns  of  California  nor  in  the  shrunken  glaciers  of  the  Alps  will  it  be 
;  Ibond  that  ice  scoops  out  channels  with  vertical  sides  as  water  does. 
[    "No  change  of  form  can  be  observed  at  the  former  line  of  ice.    Aside 
Nhn  the  morainic  accumulations,  there  is  nothing  to  prove  the  former 
PWMeBce  of  the  glacier,  except  the  smooth,  polished  or  rounded  sur&ces 
Wtlieio<dc8»  which  have  no  more  to  do  with  the  general  outline  or  the 
PUMi  lection  of  the  valley  than  the  marks  of  the  cabinet-maker's  sandpaper 
pImv  to  do  with  the  shape  and  size  of  the  article  of  furniture  whose  face  he 
pittfOQe  over  with  that  material." 

^  The  DKWt  important  work  of  a  glacier  is  the  scratching  and  grooving  of 
H^wtocea.  This  may,  however,  be  done  by  dry  rubbing,  and  therefore 
"iHliled  icratched  stones  or  patches  arc  no  evidence.  The  underlying  rock 
%Br&oe8  may  lose  their  sharpness,  owing  to  contained  detritus  in  the  ice, 
'"md  beoome  rounded.  The  ground  moraine  is  neither  characteristic  nor 
'.•teportaat.  lliere  is  but  little  detrital  material  beneath  Alpine  glaciers, 
iM  this  is  the  result  of  water  more  than  ice.  The  only  characteristics  of 
4l9  action  are  atriation  and  polishing.  All  floating  ice  shod  with  stones 
in  them  will  scratdi  surfaces  over  which  they  rub.    The  only  gla- 
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cial  lakes  thnC  are  formed  are  thoae  where  pre-existing  ralloy*  hsve  hia 
cloHod  by  mominic  matier,  but  Uie  waters  will  hooh  t«5paii  these duubf 
niDUing  over  l.bem. 

Such  arc  the  deductioas  of  the  Ule  Director  of  Ihe  OeoluE;ical  Bamj  »t 
CaUrornln.  a  man  who  has  had  opporluaiiies  for  studying  tlin  aeA 
gl^Lors  belter  ilian  most  geologists  in  America.  So  tkr,  Prof.  Whltnq'f  In- 
vestigatioDs  are  applicable  loonr  great  lakes,  tliough  I  dii  not  agree  «lih 
him  Uiat  some  of  tbem  occupy  g^ugical  valleys  (uolcas  poeaibly  Like 
Superior). 

Mr.  Ueorge.  J.  Hlnde.  F.  O.  B.,  one  of  the  few  geologists  who  liaatrrU' 
tun  lh>ma  Canadian  standpoint,  is  an  uncompromising  gliuiialist.  Bmu 
lie  has  seen  seralches  in  the  north-eastern  end  of  Lake  Ontario,  and  tt 
others  in  a  similar  direcUiin  at  the  western  end  of  the  take,  tberdbre  In 
asserts  thai  Lake  Ooiario  was  eicarated  by  a  glacier.  Dr.  Kewlwrryse- 
repts  his  statement  aa  proof,  but  considers  that  a  Pregludal  vallt^  ilwer- 
mined  the  direction  of  the  coniineDtnl  glacier. 

Hr.  Hinde  also  asserts  his  belief  thai  the  burled  valley  of  lliu  Hiifin 
riTOf(by  wayofSt.David's)88  8lsotlie  valleys  at  Dunilae  tindOwenwnid. 
are  of  glacier  origin.  We  have  proved  in  Ihia  [laper  inconirovertlMj  Ital 
the  Dundaa  valley  ia  a  burled  river  channel-  Also  it  has  been  »eoDll>*l 
Owen  Bound  and  the  St.  David's  valley  are  both  beds  of  Preglauial  or  In  * 
terglacial  rivers. 

Let  us  analyze  Die  direction  ot  the  ice  scrairhes  in  tUe  neighborhoad  o* 
the  western  end  of  Lake  Ontario.     1  have  not  seen  any  (out  of  very  m 
selsl,  that  is  parallel  with  the  axis  of  either  thoDuadai  valley  (oxocpif'A' 
My  one  polished  surface  in  the  valley),  or  the  axis  of  the  lake,  but  slny* 
at  considerable  angles.  In  the  region  of  Eingaton,  ilie  prevailing  sen 
are  9.  45°  W.  (Bell)  and  some  others  at  8.  85°  W.  neither  of  which  diroC^ 
lions  are  parallel  with  the  axis  of  the  lake.    Omnted  that  Hr.  JSnA^ 
observed  scratches  that  were  parallel  with  the  axis  of  tlic  lake,  llMf  <* 
necesally  would  have  been  at  an  nngle  with  the  submerged  eacarpuieiW  C* 
any  glacier  could  have  scooped  out  the  basins  of  Lake  Ontario,  it  k     '   ' 
summit  edges  of  the  Niagara  escarpment  as  sharp  as  pussibie,  ud  d»< 
pla[^o£r.     Also,  If  it  excavated  the  deep  trough  of  the  hike,  it  leftaim' 
mlt  of  soft  Uedina  shalea  over  the  harder  Hudson  River  rocks  of  thSKl^' 
merged  escarpment,  beneath  which  are  Ulica  shales.    From  Dundaa  w  tit 
Qeorglan  bay  the  face  of  the  escarpment  (Niagara)  is  less  abrupt,  tniun 
here,  there  has  not  been  left  more  ihan  SO  feet  of  drilX  at  its  fifot,  and  llu' 
mostly,  if  not  altogether,  stratified  (excepting  in  channels  now  biiritdV 

The  observations  of  Prof.  Prof.  H.  Y.  Rind,  on  the  const  of  LAlir«)i«'v 
are  here  interesting-  He  has  shown  tliat  pan  if*,  ai  tlie  present  tinw  " 
polishing  the  sides  of  cllfTs,  and  boa  been  coniinning  it«  action  wtiikt  Ik* 
coast  has  been  rising  several  hundred  feet.  Even  under  tlie  ledge*  of  mtf' 
Iwnging  rucks  tlie  action  is  now  going  on  (a  phenomenon  which,  if  lalh' 
lake  region,  would  be  attributed  to  glaciersl.  Also,  lie  biw  seen  IwaU^ 
clay  tMing  formed  at  the  present  time  by  the  action  of  pan  Stt  <  ttmn  m^ 
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w«l«»r>.  This.  Willi  a  ihickness  of  eight  or  ten  feet  gels  piled  op  by  ihe 
■rtlon  of  wnves  unil  wind,  und  consequently  in  the  bnys  of  tUe  conBt  of 
I^tiriMlor  ilpoTUhes  roT-k  hrittoms  to  a  depth  of  fifteen  feet  or  more,  below 
the  surftice  orilm  wai«r,  and  grindi  ulf  rough  HorfaceB.  I  have  ft^queally 
"Cn.  snyaeU.  In  nortliern  regions,  high  bouldera  tranaported  by  the  Ice  to 
"blcti  ihoy  were  fi'rizen  in  the  margin  of  smull  Inkes. 

what  has  been  written,  It  scemB  to  the  writer  that  Ihe  i^lacial  origin 
•tklte  Ontario  does  not  rest  on  a  single  liasis  furtltfr  than  thai  ice  scrnich- 
<pn>ducible  by  either  glaciera  or  iceherga,  neither  of  wliicii  need  be 
X  erosive  agents)  are  seen  at  various  places  about  Lidie  Ontario,  both 
■bove  and  below  the  water-level.  The  remarks  applied  to  Lake  Ontario 
hr>l(l  good  for  the  other  lakes.  The  description  of  their  topography 
Hrotigihens  Ihe  proofs  that  their  origin  cannot  be  accounted  for  by  glaciera. 
^■^vsauaso  we  find  the  islands  at  the  western  end  at  Lake  Erie,  or  northern 
*a^  of  Lake  Huron,  polished  and  striated. 

before  closing,  permit  me  to  thank  those  railway  rompanie*)  whicli  have 
•tiridly  furnished  rae  with  manylevels.  But  in  doing  this.  I  may  stale  that 
'*■  i«  my  purpose  to  make  further  requests  and  hope  to  do  for  Ontario,  wtiat 
"^'a  Pennsylvania  Survey  has  done.  In  collecting  all  levels  lUat  bear  on  the 
^r-Kigmphy  of  my  native  Province,  In  order  lo  make  a  more  complete  study 
"''    Ihe  Frt'glacial  drainage  of  the  great  lake  region. 


**««lopi«ai  Stetinn  at  SL  Mary'i.  Elk  County.  Ptnntylmnia.    By  Charh* 
A.  Athbiirnm;  M.  8. 
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'  Jntroduetion.  Probably  do  locality  within  the  Bituminous  Coal  Fields 
Pennsyivania  has  had  so  many  and  such  conRicttng  re|iorta  published  on 
^  coal  geology  as  the  counties  of  McKean  and  Elk,  Had  these  reports 
n  made  with  the  desire  of  merely  collecting  facts,  and  of  showing  their 
**  ■Je  correlation,  we  would  no  doubt  long  before  now  have  reached  the 
'*'*3lh  in  regard  lo  the  systematic  geology  of  the  coal  measures  ;  unfortu- 
bloly  for  science,  for  the  geologist  and  the  capitalist,  most  of  the  indi- 
tSual  invesligators  have  been  biassed  and  prejudiced  in  their  studies,  by 
kiatDi^I  desire  lo  Und  favorable  facts,  from  which  to  deduce  conelustons 
^%anclDg  property  values.  In  many  cnses  trite  facis  have  been  presenled, 
rule  Itiey  liave  not  been  sufflciently  numerous  from  which  to  draw 
^-*»duaions  of  a  correctneaa  beyond  question  or  doubt. 

■Jki  we  look  back  over  the  varied  history  of  this  region  during  the  past 

^^w  cnty  years,  examine  the  reports  which  have  been  made,  lioih  privaiely 

**•  tl  imbllcly,  note  iho  roioeral  development  of  the  region,  consider  the  re- 

'^-3tg  attained,  estimate  Ihe  profit  and  loss  In  money  value,  and  count  the 

^neflts  accruing  to  Ihe  land  owner,   the  county  and  Commonwealth. 

B  [licturv  presented  is  unsatisfactory.     The  steady,  permanent  develop- 


ment  or  the  coal  fiulilB  has  been  misclirecleil.  aad  coasequenti;  rei» 
iDvesUuenis  Ituve  too  often  met  witb  diaap point meut,  followed  by  fhil 

A  geoIogUt  cannot  ninnubcturc  good  coal  beds  or  purirjr  poor  ooee:  ani 
he  steps  beyond  his  prorossioual  bounds  as  n  practical  geologist  when  b 
Httompls  augbt  else  llian  the  diseovery  or  facts  nnd  tbeir  true  economid 
Inlrrp  relation. 

If  there  are  any  advantages  to  property  holders  to  be  derived  firom  UM 
fa»onible  and  roae-colorod  reports,  they  are  certainly  only  iinmediait<  and 
tire  insigniScant  in  comparison  with  the  more  permanent  ones  resulting 
from  true,  unbiassed  and  less  favorable  reports. 

I  have  prc&eed  my  paper  with  these  remarks,  becAuse  the  results  of  my 
examinations  in  the  counties  mentioned  have  two  direct  and  importAnt  but 
quite  independent  bearings ;  one  is  purely  commercial  iu  its  aspects,  as  it 
interests  and  affects  the  land  owner  and  coal  operator ;  llie  other  belonp  l» 
the  province  of  pure  geology  concerning  only  the  geological  iiiveaUg>IO[ 
and  student. 

It  Is  my  present  purpose  to 
I  have  made  of  the  slratlflciiii 


lerely  describe  a  new  Inlerpretntion  which 
in  the  vicinity  of  St.  Mary's,  Elk  Cou&t  j, 


Lfi  bearing  upou  the  systematic  geology  of  olber  porltons 


o  indicate  it 
the  district. 

Statemtnt. — The  detail  geology  of  McEean  has  already  lieen  publl^ed 
in  report  R  of  the  Geological  Survey  ;  that  of  Elk  will  be  found  ii 
tloii  with  the  genlogy  of  Cameron  and  Forest  in  the  forthcoming  report  RR. 

The  local  geologists  of  Elk  County  generally  consider  the  coal  meuures 
In  tlie  vicinity  of  St.  Hary'a  to  be  low  in  the  series  -,  whereas  1  make  them 
to  Include  the  representatives  of  the  Jjower  Freeporl,  Elttaning,  CUriott 
and  Mercer  (or  Alton)  coal  groups. 

I  fully  reollze  the  fact  that  I  am  making  a  statement  which  is  direcUf 
oppiised  to  the  general  views  held  In  regard  to  the  nomenclature  of  thf 
St.  Mary's  cual  beds.  But  the  most  Important  and  difflcalt  problem  Which 
I  have  hod  to  deal  with,  has  been  the  IdentlBcfttlon  of  thi!  coal  rocks  ;  i 
the  ctmeluslons  which  are  now  advanced  have  only  been  reached  sflci 
a  careful  detail  study  of  liie  coal  basins  of  McEean,  Cameron,  Elk  a 
Forest  cnuntioa.  A  great  many  observations  have  been  made  in  adjoinia| 
counties  in  order  to  confirm  the  work,  and  connect  it  with  that  dune  h] 
other  survey  assIslAUta  in  adjoining  flctds. 

The  fact  that  a  rock  section  contains  the  representatives  of  certain  wd 
known  and  establislied  groups,  does  not  necessarily  Imply  that  each  g 
has  a  well  defined  representation  of  the  individual  beds  which  chaiftctelia 
it  at  the  place  of  its  best  development.  The  special  features  which  have  <]| 
lermlned  the  naming  of  tbesuli-groupsofihecoal  measures,  at  their  typlol 
locality,  may  be  wanting  at  many  places  where  the  occurrence  of  the  groq 
Itself  can  alone  be  determined  by  a  comparative  study  of  the  entire  fbm 

From  the  fact  of  the  Si.  Mary's  section  containing  the  rocks  of  four 
the  principal  groups  of  the  Lower  Productive  coal  mensurcsinUie  9tKi 
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the  nataml  inrerence  would  lie  tliat  a  number  of  valuable  workable  beda 
sUould  be  round  here,  out  of  the  eighl  beds  which  these  groups  generallj' 
embrace,  and  which  have  proved  so  [iroduciive  in  otber  porlions  of  Penn- 
sylvania. The  fact  is,  however,  that  at  8i.  Mary's  only  one  coal  bed  bbs 
OS  yet  been  fouud*  of  autflcient  purity  and  thickDCBiif  to  l>e  profital)ly 
miaeA  aver  any  eanaidarabt*  area,  This  bed  is  the  DagUB  or  Lower  Kit- 
tanning  coal  bed. 

Bui  licsidesthis  bed  the  St.  Mnry's  section  contains  representatives  of 
the  Upper  and  Middle  Kittaaniug,  the  Clarion  and  Mercer  coal  beds  ;  and 
the  gnnind  at  Ihe  Patton  Hill  near  the  weat  mine  of  the  St,  Mary's  Coal 
Company  is  high  enougb  to  contain  a  very  small  area  of  the  Frecport 
Lower  coal,  although  it  has  not  been  discovered. 

The  following  is  a  general  section  of  Ihe  coal  measures  in  the  vicinity  of 
St.  Mary's,  compiled  from  bets  obtained  within  a  radius  of  one  and  a  half 
tniles  of  the  Philadelphia  and  Erie  railroad  station.  For  the  sake  of  com- 
pleteness I  have  added  to  this  section  the  record  of  the  drill  hole  of  the  St. 
Mary's  Oil  Company,  making  in  all  nearly  a  half  mile  of  vertical  IhickncM 
of  rocks  whose  character  is  actually  known  : 

Elk  County  Beetwn  ;  at  St.  Mary'i. 

^^_  1.  Oray  sandstone,  shale  and  alate AT 

^^L       2.  Coal,  Kittanning  Upper 8' 

^^H        8.  Sandy  shale  and  slate 88' 

^^f         4.  Coal,  Kitlanning  VidaU. I' 6" 

Ij  5.  Sandstone  and  shale S6' 

6.  Coal,  Dagut,  Kittanning  Loaer 8' 

7.  Fireclayt 8' 

1^^  8.  Shale IT 

^K        ».  Coal 1'4" 

^^H      10.  Sandstone  and  shalo 10' 

^^H      II.  Limestone  and  shale,  Clermont,  Firrffarout 10' 

^H      12.  Shale 13' 

^H      13.  Cos) 5" 

^^P      U.  Shale 10' 

^^r      IS.  Coal.  Oltrtnonl.  OtaHon 3' 

111  16.  Sandstone  and  shale,  Joknbok  run  S.  S 32' 

17.  Coal,  Alton  Uppar. S'7" 

18.  Shale 18' 

•Tbe  Clermont  or  Clarion  bed  bail  been  worhetl  to  a  JTmlled  eilcnt  c 
iloaatlerj  land*  eMl  of  SllTur  oreek,  about  threa-quarlBra  iif  a  mile  i 
west  ortlieSU  M>r7'«  mllroad  station. 

(The  detfree  or  purity  and  extent  ortblokneM  nofensary  to  cunHtttiite  k 
able,  marketable  oobI  bed.  are  purely  arbitrary,  and  their  valueii  nre  depviident 
at>oii  uaminerclal  qaestloot. 

I  A  UrMtay  bed  Invariably  formn  tlie  Qoor  at  all  our  bltitmlnoun 
TUey  have  not  been  noted  in  the  aectlori  except  wtiere  tlietr  thleki 
determined:  In  most  cases  they  have  been  Included  !□  the  rock 
neslb  eaob  CMl  bed. 

FROC.  AKER.  THILOB.  80C,  XIK.  108.  21*. 


19.  Coal,  AlUtn  Lmear. 8' 

30.  Bandstoue,  KtHzm  CRKEK  S.  8 4S' 

21.  Shale  and  Coftl JC 

28.  SandatoDe  and  cmglomentte,  Oleak  cokolomkr- 


33.  Btatc, 


compiling  Q  coal  bed  8'  lliick...  -  10' 


43. 


Total 406' 

Grit,  clay  and  gravel  (top  of  St.  Mary's 

drill  hole) 18'  lo     W 

Sand 18'"     DV 

Interval W  "     «' 

Sand 25'"    \3/y 

Interval 140'  •■    aec 

Sand 18'  "    JTO' 

Inlerml 194'  •*    400* 

Sand SO'"    itO' 

Interval 306'  "    BM' 

Red  shale,  sandstune  and  Blata SS5'  "    MKK 

Interval IS'  "    679' 

Sand 49'  "  I03I' 

Interval 3«9'  "  ISW 

Redaandatone 25'  "  lilC 

Interval B5'  "  1450' 

ReddiBh  rock 5'±"  1*65' 

Interval 815'  •■  1870' 

Band 41'  "  1T14' 

Gray  and  black  slaM,  containing  sheila  and 

Bireuksof  red 890'  "  fiOOO' 

Fine  bluish -white  sand 10'  "  901O' 


Tlie  record  of  the  well  la  given  just  as  it  was  reported  by  TSr,  'W.  1 
Amea,  who  had  copied  it  from  the  driller's  book.  The  undescribed  InH 
vats  contained  generally  gray  slate. 

A  small  gal  coin  was  Btrack  at  a  depth  of  550  feel :  at  978  fMt  a  *l 
much  larger  one  was  found.  At  a  depth  or  450  reel  and  1080  fnct  a 
water  was  encountered.  The  geological  borieon  ottheBra^ffri  OitM 
IB  at  leaat  250  feet  below  the  bottom  of  the  Si.  Mary's  test  woU. 

The  BoctioQ  may  be  grouped  into  formatiiHis  as  follows  : 

Carbohipbroub  Aok. 

XIII.  Lower  productive  Coal  Measures  (1  to  16  incL)..  SSS" 

XII.     Pottsville  coiiglomerato  (16w23incl.) IBl' 

XI.       Mauch  Chunk  sliale  (2a) tV 

X.        Pocono  shales  and  sandstones  (24  to  83  incl.  ] . . . .  6SS' 

Total.. 


„,„.,.,  3i2 

Devohiah  Aqk.* 

IX.      Catiikill  sandstone  anil  sliale  (331 

VITI.  ChemUDg  Bhale  and  SAudstooe  (34  lo  43  iocl.)-- 

Totft! 


1050'+ 
1S65' 


Total  of  known  rocks 2419' 

LmMT  Prodiiclitit  Coal  Meamirtt. 

This  group,  which  is  235  feel  tliick  al  St.  Mary's,  conlatns  onlj  oa«  a 
bed  which  lias  proved  productive  to  any  grent  extent. 

The  rocks  oF  inurval  No,  1  of  the  section  form  Uie  lop  of  ihe  Pali 
Hill  and  include  the  Frkeport  bajidstone  and  possibly  tlie  Freeport  in 
»tone  and  Fretport  Lovitr  roal  bad,  although  neither  of  the  lat(er  haw  be 
diacoTered.  Ten  miles  souUi-weal  of  St.  Mary's  tlie  Frttpt/rl  limtUojM 
only  40  feet  above  the  Kittanning  Upper  coal,  and  the  Preeport  Lower  ea 
is  only  50  ttet  above  the  same  bed;  at  Ht.  Mary's  llie  top  of  the  liill  b' 
feet  above  the  latter.  The  total  alwence  of  Uie  Freepnrt  coal  and 
here,  argues  either  a  disappearauce  of  the  beds  to  the  norlli-eoat  or 
sidcrable  (htckeniag  of  tlie  Freeporl  sandstone  in  the  same  direction. 

The  Kitlanniag  Upper  roal  (stratum  3)  is  reported  to  have  been  foug 
In  a  well  dug  near  Patton's  house.  This  is  the  only  place  In  the 
where  it  has  been  found.  The  bed  is  said  to  be  3  feet  thick,  but  Ims  at*) 
been  thoroughly  tested. 

The  Johiuloien  (cement  bed  which  occ 
and  Middle  coals  lias  not  been  found  ; 
sections  of  Foi  and  nurton  townships, 

The  iiiffif  niitnny'n  Middle  eoal  (stratum ' 
Jiining  Company's  Iruct  (Eaul  and  Hall). 
not  workable. 

The  Dagut  ar  Kittanning  Loucr  btd  (slratum  6),  is  the  principul  Kai  oh 
important  coal.  It  has  been  worked  in  the  mines  of  the  St.  Mary'*  Co 
Company,  Cascade  mines,  Tannerdale  mines,  Keysloni'  mines  And  baa  be 
opened  and  tested  on  a  number  of  other  properties. 

This  bad  is  without  doubt  the  same  as  that  which  is  mim-d  bytlieNeitfei 
western  Mining  and  Exchange  Company  near  Ceoierville.  and  wbkdi 
locally  called  "C"  bed  and  the   "OasVein,"  whicli  hits  t>ceu  openvdlf 
Genl.  Kane  on  the  Hoberls  lot  in  Jones  township. 

Objeotiona.^-hoceX  geologists  have  always  considered  the  Bi.  Muy'i 
tobe  very  much  inferior  to  these  two  latter  scams.  This  concli 
unquestionably  false,  has  been  based  upon  three  very  slgnillcant  IJactB 

Firtt.  The  St.  Mary's  bed  Is  found  at  a  very  much  lower  lov«l  than  • 
the  "Gas  Vein  "or  the  "C"  bed  at  Centerville, 

Second.  No  limestone  is  found  under  the  St.  Mary's  bed  to 

•TheDevoDlnnA 


■s  between  the  Eitiannlog  tJ[ 
;  is,  however,  well  definud  In 
o  the  south -west. 
i4|,  has  been  found  on 

It  is  only  18  Inches  thick 


ve)>  report*,    1  bell 
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Willi  (liat  formed  at  Genl.  Kune'a  riunrry  40  feet  under  the  "  gB«  vein '"  or 
40  feel  below  llie  "  C  "  bed  on  Toby  creek. 

Third.  Tba  St.  Mary'a  bed  ia  roslier  in  nppeftrance  end  does  not  produce 
«■  ricb  k  coat  as  eitber  ibe  "  gus  vein  "  or  "C  "  bed.  at  the  eamc  time  the 
floor  and  roof  of  the  tlirec  beds  differ  niBterially  in  tbe  tbree  localldes. 

Alibougb  tbeee  nre  pointed  and  peninent  objections  agnlnat  the  Indentity 
of  the  three  beds,  Ihave  nolfiiundany  fiirls  toBnatainthem;  lotheconirary, 
the  nclglU  of  evidence,  when  carefully  conBidered,  is  directly  in  support  of 
the  coodnsion,  which  Hfler  four  yearn  of  field  work  I  have  no  beailancy  in 
aasening.  that  the  coal  bed  mined  hj  ilie  Bt.  Mary's  Coal  Company,  by  tlie 
Kurtb-WMtemMiningaQd  Eichange  Company  and  which  has  been  opened 
on  ilie  Roberts  lot  above  the  limeslone,  is  in  every  coae  the  representative 
of  Ihe  Lower  KitUnning  coal  l>ed, 

Iltmemtralitin. — It  ia  impoKsiblo  to  give  as  many  facts  to  prove  my 
pooiliou  in  this  paper  as  I  shall  present  <n  the  publiahed  volume  of  Ihe 
aurvey,  but  I  think  I  can  answer  these  objections  in  a  nay  satisfactory 
both  to  myself  and  reader. 

1.  The  following  elevations  above  lidu  will  show  the  relative  heights  of 
the  bed  in  llie  three  localities : 

Al  SL  Mary's  il  is 1773  feet. 

•  Nc*r  Cenlerville  it  is 18M     "  t 

On  Ibe  Roberta  lot  it  is 1075    " 

These  three  places  are  in  throe  different  and  quilc  Independent  coal 
basins,  and  ii  would  be  unnatural  that  there  should  be  any  llxed  or  definiti 
leUtionshtp  existing  hetwecn  tbeir  heights.  The  Roberts  lot  Is  in  the  Fifth 
Biluininous  coal  basin  and  this  is  separated  by  a  high,  broad  anticlinal, 
mnning  in  a  north-east  and  nortb-wcst  direction,  east  of  Ridgway,  from  tiie 
Fvunh  Basin  in  which  Si.  Mary'eand  Cenlerville  ore  localed.  Tbe  miaoB 
ftt  these  two  latter  jAacem  ^th  in  different  »ul>^iti»ions  of  ant  main  gynelinal. 

I  think  every  one  acquainted  with  tbe  facts  In  the  vicinity  of  St.  Hary'a 
luid  Cenlerville,  will  recognize  the  fact  that  between  llie  east  and  well 
mine«  of  the  St.  Mary's  Coel  Company  there  is  a  synclinal  axis  having  a 
nortli-easl  and  south-west  direction,  and  that  the  bead  waters  of  Toby 
creek  near  Ihe  mine  marks  nearly  the  position  of  another  synclinal  axis ; 
thai  Ihvse  iwo  axes  are  not  conlinuntlons  of  one  another  would  be  evident 
to  wiy  one  studying  the  facts  carefully  on  the  ground, 

I  un  aware  thai  HiIb  latter  conclusion  will  be  vigorously  opposed,  but  I 
believe  it  cannot  lie  absolutely  denied  until  raore/oe(»are  brought  forward 
to  oppose  it,  Ihan  I  have  to  confirm  it. 

a.  In  rpgard  to  the  limeilonei  it  seems  lo  be  quite  certain  that  Ibe  lime- 

■toues  and  shales  composing  an  interval  of  30  feet,  40  feet  below  Ihe  "gas 

•n«iulorToby  crei^k.    The  same  coal  is  1»22  fen,  Vi  mile  north  of  the  CenlBr- 

I  Oil  a  )in>aii<  JuHt  recelveil  frnm  Mr,  Oliver  W.  Barnoa,  tbe  approxlniikte  eleva- 
tion o/UiB  e«tl  bed  at  the  mine  of  tbe  Nortb-WeBtein  Minion  and  Exr-- 

I^^MBMny  la  staled  to  bDlTTll  reel.  Tbe  elevation  h«re  given  <18Ki')  Is  buaecl 
HH^raevBllon  of  theruad  aX  Centerville,  In  rmnt  al  McCuuley's  store,  wlil< 
^^^HKtStoDr.C^B.Burlej'.U  IMS  reel  above  tide, 
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-vein  "  OD  the  Roberts  Int :  tlie  limestone  nhicli  is  0  feel  thick  oad  4» 
below  the  "  C  "  bed  at  Centerville,  nnd  the  limestone  bunds  nod  sh*l 
feet  tbick  exposed  in  a  railroad  cuttin;;;  ODe  mile  cast  of  the  coaI  BhntM  • 
tbe  8t  Hary'a  Coal  Coinpaay,  and  31  feet  below  the  8t.  Unry's  b«d,  itn  il 
represeDlaliooB  of  the  Ftrrtfaroat  lvne*ton». 

TbiB  conclusion  is  baaed  upon  a  comparottre  study  of  all  the  Uidi<rtdiui| 
members  of  the  rock  Beclions  in  the  three  localities.  On  account  of  UM 
bad  eipoaurea  in  [he  Johnson  run  basin  in  tbo  vicinity  of  the  Roberts  In 
and  along  Toby  creek,  and  on  nccount  of  the  limratone  in  the  V 
lying  low  in  the  valleys,  it  baa  always  been  difficult  to  doU^mitne  llie  rock 
thicknesses  below  the  limestone.  This  fact  has  resulted  in  eacb  oM 
placing  the  limestone  too  liigh  in  the  measures,  and  consequently  an  ei 
in  the  id  en  tin  cation. 

Il  is  generally  believed  that  no  timeetone  occurs  at  St.  Marj't. 
careful  search  au  outcrop  of  the  bed  may  be  found  on  a  bill  north-WM 
the  railroad  station.  I  have  been  tuld  upon  good  authority  that  pieoa 
stone  liavo  been  gatliered  here  which  bnve  been  burned  into  lime.  1 
limesione  ia  the  same  lied  which  ia  shown  in  Bogere'  section  (Vol.  II,  p> 
522,  Final  Report  First  Survey). 

It  has  been  reported  that  the  limestone  wbicb  was  located  by  tbeai 
of  the  First  Burvey  was  planted  by  persons  having;  coal  interests,  witli  11 
view  of  deception.    Neither  Prof.  Rogers  nor  his  assistants  weiedeeaiwdi 
the  limestone  which  is  placed  in  the  section  already  noticed  occupies  en 
the  same  relative  position  as  that  in  the  accompanying  section. 

Tbe  Ferriferottt  limtitona  has  a  variable  character  througboul  'V 
Pennsylvania,  so  that  a  difference  tn  tlie  quality  and  thickness  of  ihaba 
in  tbe  three  localities  named  do  not  argue  agaiost  tbeir  idcnlitj. 

3.  The  character  of  the  Dagu»  or  Kittanning  Lofter  htd.  logetber  w]ib  i 
flooring  and  roofing  strata,  are  found  to  vary  considerably  w  ithin  lh«  U 
mediate  vicinity  of  St.  Mary's,  where  its  identity  may  be  deUirraliied  Igf 
the  engineer's  level  alone. 
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oorth-eost  of  Sl  HUry's.  Average  thickness  of  coal  2  feel  6  inctiee.  Coal, 
dull  black,  more  or  less  cosied  with  Iron  oxide  ;  purtingsof  pyriies  in  very 
minute  crj-alnls  parlly  deconnMised. 

fi.  East  aline,  St.  Mary's  Coal  Company.  Avemge  lliicknusa  of  coal  S 
feet  2  Inches.  Coal,  dull  hlack,  hrittle,  iridescent,  numerous  partings  of 
pyrites  nnd  slnty  coal- 

e.  Weet  mine,  St.  Mary's  Coal  Company.  Average  thickness  of  coal 
3  feet.  Coal,  dull  black,  more  or  less  staiQed  with  iron  oxide,  mther  friable 
and  canlains  numerous  partings  of  pyrites  and  slaty  coiil. 

d.  Cuecnde  mine,  Kaul  and  Hall.    Average  thickness  of  coal  S'  8". 

Coal,  deep  black,  lustrous  and  i^oalMl  with  silt ;  amlains  roiisiderublo 
pyriics,  which  is  partially  decomposed. 

For  Ihe  sake  oF  comparison  I  Imve  added  the  analyses  of  the  Ttobcrts  lot 
coal  and  the  coal  of  the  North-Western  Mining  and  Exchange  Company  at 
CeutenrlllB,  and  of  the  Olermortl.  Olarion  bed  on  the  Uoniwtery  lands  i 
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t.  Hoyt  opening  on  "gas  vein"  Roberts'  lot.  Jones  township  Coal 
biu  a  dull  black  luster;  cannelly  structure;  lamina  indistinct;  fracture 
generally  irregular,  but  with  a  tendency  U>  a  cubical. 

f.  "Cmine"  North -Western  Mining  and  Exchange  Company.  Aver- 
age thickness  of  coal  3  feet  S  inches.  Coal,  deep  black,  lustrous,  brittle  ; 
abows  numerous  thin  partings  of  pyrites  in  minute  crystals,  partially  de- 
composeil. 

g.  Bilver  creek  mine  on  Clermont  bed.  Monastery  lands,  D.  Hldridge 
operator.  Average  thickness  of  coal  2  feet.  Coal,  deep  black,  lustrous, 
brittle,  no  crystals  of  pyrites  observed.  By  a  compariRon  of  these  analyses 
U  will  be  found  that  greater  differences  exist  In  the  cumposltloa  of  the  bed 
in  the  immediate  vicinity  of  St.  Mary's,  than  between  the  coal  at  Tanner- 
dale,  Centcrvlllc  and  Rolierts'  lot,  or  between  the  coal  from  the  bed  at  any 
one  of  these  three  places,  and  that  taken  from  the  Silver  creek  mine  on  the 
HoDasiery  lands. 

There  Is  no  cliaracteristic  belonging  to  the  Kitlaning  Lower  coal  bed, 
which  niay  serve  as  a  means  for  its  identification.  Where  the  greatest 
dlfTcrences  in  the  composition  of  the  bed  exist,  as  at  St.  Marj''B,  the  coal 
aaily  traced  nnd  located  in  the  series,  by  observations  made  on  the 
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lopogmphy  :  where  tbe  composition  of  the  t>ed  is  moat  slmilftr,  as  U  Tan^ 
nerdale,  Robeils'  lot  and  St.  Mary's,  it  requires  all  tlie  eklll  and  Jud{ 
(ifa  trained  geologist  to  determine  their  geological  retalionsbip. 

In  the  east  miae  of  St.  Mary's  Coal  Compiiny  Ihe  roof  is  found  to  rbangl 
suddenly  from  a  block  alal«  to  a  hard,  maaaive  Bandutuae.  Tbe  same  lbiD| 
in  reported  to  liave  occurred  in  the  now  abaadooed  Keystone  mine. 

Conel'iiion. — In  view  of  Ihese  fkcts  as  regarda  the  variation  uf  the  a 
position  of  the  Dagus  or  Kittanning  Louer  coal  bed  and  tbe  changes  w 
are  liable  to  occur  In  the  associated  strata  within  a  small  area,  similar 
differences  at  localilies  so  far  removed  from  one  aaollier  as  St.  Huy'i, 
Centerville  and  Roberts'  lot,  can  certainly  have  but  little  weight  In  deler- 
minlng  ibe  relalive  position  of  the  beds. 

The  best  and  most  reliable  means  of  ascertaining  Ihe  connection  eiisUng 
between  distant  rock  aectious  is,  by  making  a  comparatiM  study  eftttt, 
in  thtir  entirety.     A  marked  similarity  will  otleniiues  be  found  to  < 
between  tbe  general  structure  of  each  section,  even  where  no  pcTHMouy 
af  character  is  futind  to  exist  between  the  minor  features. 

Chrmont  Group. ^The  Oltmiont*  or  Firrifirovt  UmtHont  has  a  dlsttiMk 
and  well  recognized  representative  in  tbe  vicinity  of  St.  Mary 'a 
ZOD  of  the  limestone  is  30  leet  above  tbe  Clermont  or  Clarion  coal  bed.    Ai 
bas  been  said,  pieces  of  the  stone  were  found  along  ils  outcropping  Level  01 
tbe  hill  north-west  of  the  town. 

In  a  railroad  cutting  two  miles  north-east  of  St.  Hary's  station,  and  az<j 
tending  from  mile-post  180lol30+BI)0  feet,  is  found  exposed  the 
tlvc  of  the  Ferriferous  limestone.  It  conaisls  of  gray  and  black  Bbal«  aad 
shite  couialning  bands  a  few  inches  thick  of  limestone  and  lime  ball 
heavily  charged  with  iron.  No  limestone  has  ever  been  found  in  (1 
Fourth  Basin  north-east  of  St  Mary's. 

The  Cltrmont  or  Clarion  coal  bid  (stratum  15),  marks  the  top  «f  Um 
Carboniferous  or  Pottsvillk  Conolombrate,  No.  XII.  This  is  the  pv 
sition  usually  occupied  by  the  Brookville  coal  bed,  hut  I  foiled  to  reoognlaa 
iu  representative  any  where  within  my  district  of  four  couniies.  The  b 
illustrations  and  discussion  of  the  variations  of  tbe  Clarion  and  BrookviUs 
coal  beds  and  of  the  underlying  Homewood  or  Kinxua  creek  sandaio 
may  be  found  in  the  Clarion  county  report  by  Dr.  H.  Martyn  Chanoa^ 

Allen  Group, — The  position,  extent  of  area  and  character  of  the  ClOfBOot 
and  Alton  group  coals  is  a  mailer  of  considerable  importance  to  Uie  n 
interesu  centered  about  St.  Mary's.  Ko  geological  report  cnn  leulel 
question  In  a  practical  way.  That  the  coal  beds  should  exist,  if  tSt  atrt 
tmre  perfeetlt/  rtgutar,  I  can  positively  assert  i  that  they  do  not  rJclataiennT 
point,  lias  been  practically  proven.  The  strata  aro  liable  to  change.  Mid  it 
must  be  led  to  explorations  of  Ibe  drift,  the  drill-hole  and  the  shaft,  to  ti 
practically  the  economical  value  of  these  coal  beds. 

■  Ctermont  la  a  local  gcogmphlcal  name  which  I  gave  to  thl* 
Kcfin  and  Elk  coanlleii,  lln  use  was  only  adopted  provisionally  mill  I 
with  the  Ferri/rrom  linteMone  ol  Western  PenaHf  Ivonlaahuuld  have 
Ijeyonij  a  doubt. 
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The  iiregulitritka  which  iiro  so  i^tiaractcrislic  of  the  Alton  group  coals  in 
McKoan  county*  belong  not  only  to  llie  Alton  oobU,  but  also  to  the  Cler- 
mont coal  at  St.  Mary's.  Although  very  little  encouragemtnt  can  be  ex- 
lended  the  coal  operator  or  land  owner  as  to  the  value  of  these  beds,  it 
would  be  presnmptuouB  Tor  the  geologist  lo  condomii  the  territory  which  by 
B  sorrace  iDBtriimentai  survey  Bbciuld  be  found  to  be  high  enough  to  contnin 
tliew  corI  seams.  The  area  under  which  the  coal  beds  might  b«  found  ia 
very  Rrent. 

On  tliB  Moaaslery  lands,  on  tlie  east  side  of  Silver  creek,  the  Clermont  bed 
b«8  been  cxteneively  wurke<l  and  hae  produced  a  good  quality  of  coal.  The 
coal  has  l>eeii  explored  for  on  Ihe  St,  Mary's  Coal  Company's  tract,  but  haa 
tiover  been  found. 

The  Alton  beds  (atra'^a  Nos.  17  and  10),  have  been  found  on  the  Monastery 
lands,  on  the  Keystone  and  Tannerdale  tracts.  The  interval  between  the 
two  beds  varies  from  14  to  S8  feet.  Each  bed  is  generally  com[)osed  of  two 
dUUnct  benches  of  coal,  with  a  stratum  of  slate  cir  clay  between  them. 

The  Alton  group,  which  reprcHentslbesameseriesof  strataas  theifrircdr 
coal  sroiip,  sometimes  contains  threecoalbedn,  as  in  central  McKean,  hul  aa 
s  rule  it  mrely  embraces  more  thau  two  coal  beds,  as  is  found  to  be  the  case 
generulty  throughout  Elk. 

Reeemhiing  in  many  of  its  features  the  Mercer  group  of  Lawrence  and 
Mercer  counties,  the  Alton  group  dilTers  essentially  from  the  Mercer  in. 
oinloining  no  l>ed8  to  represent  the  Mereer  iimestonea  :  for  no  calcareous 
Strata  have  been  seen  in  it,  in  McKean,  Cameron,  Elk  or  Forest  counties. 

The  shales  and  clays  between  the  Alton  coals  frequently  contain  noduiea 
of  iron  carbonate  ore.  The  iron  is.  however,  never  regularly  Btratified. 
These  beds  represent  llie  Mercer  iron  shales  along  the  Pennsylvania-Ohio 
line. 

Xo.  XII. — The  Poltsville  or  Carboniferous  conglomerate  (Millstone  grit 
of  the  English  geologists),  does  not  consist  of  one  solid  bed  of  conglomer- 
atic, but  is  composed  of  a  series  of  rocks  made  up  of  conglomerates,  sand- 
Htouea,  sJiales,  slates,  fireclays  and  coal  beds,  divided  as  follows  : 

Johnson  run  and  Homewood  sandstone SS' 

Alton  and  Mercer  coal  groups 24' 

Kinziia  creek  and  Connoquenessing  sandstones 45' 

Marsliburg  Upper  and  Sharon  coal  interval 10' 

Otean,  Garland  and  Sharon  conglomerstea.  Second  moun- 

tain  sand  and  Ohio  conglomerate SO' 

Total Ittl' 

The  first  name  given  for  each  subdivision  is  that  which  was  provisionally 

adopted  in  HcKean  county,  the  latter  names  are  those  which  are  better 

known  along  the  Ohio-Pennsylvania  State  line. 
The  individual  members  of  the  Pollsville  conglomerate  have  been  fully 

Cied  in  the  Survey  reports  to  which  the  reader  is  referred, 
loeloal  Bnrvey.  Ri^port  R,  pogc  SS. 
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The  name  Lovitr  Produetiee  toal  m»a»v.ret,  still  in  dm  For  the  aske  or 
coDvciiiencc.  is  ii  purely  li>cal  and  relative  tenn,  without  clHssicnl  rmlne. 
When  Srsl  applied  by  tbe  First  Oeoloeical  Survey  of  PenQsylvaula.  11  wm 
inlcndcd  to  iochido  tlie  workable  productive  coal  bods  of  Westvm  PeaiH 
sylviinia  wiih  llictr  associated  strata  lying  between  ibe  coal  meaaim  OCU- 
glomerale  and  tbe  Maboiiing  sandstone,  or  base  or  ibe  Barren 
At  IhAt  Uine  tbe  coDglametate  was  supposed  ID  be  one  solid  bed  of  nA 
subject  tinly  to  local  variations  in  tbjclcness  and  in  the  pruportion  of  mwl 
Bltmc  to  coo  glome  rate. 

But  within  tbe  past  five  years  a  study  of  it  has  sliuwn  it  to  be  a  vkri 
group  of  hard  and  aoft  strata,  including  workable  coal  bods  with  their  ni 
clays.    It  therefore  properly  forms  a  part  of  the  Lower  Prtxluctive  t 
Measure  Series  :  and  only  thus  can  the  parallcltsm  of  ilie  Ohio  and 
sylvania  sections  be  made  good. 


Slated  MeeUng,  April  1, 1881. 

Present,  10  members. 

Vice-President,  Mr.  K  K.  Peice,  in  the  Chair. 

Sig.  Damiano  Muoni  signified  his  acceptance  of  member 
ship,  by  letter  dated  Milan,  January  20, 1881. 

Mr.  Joseph  J.  Lewis,  accepted  membership,  by  IctIM 
dated  West  Choater,  March  2-1, 1881. 

Letters  acknowledging  the  receipt  of  Proceedings  w«p 
received  from  the  Pliilosophical  Society  at  Glasgow,  IkUrd 
9  (106);  the  Fondation  Teyler,  Harlem,  3  Mara  (105. 
and  List);  the  American  Ethnological  Society,  New  Yott 
March  24  (107) ;  and  J.  H.  C.  Coffin,  Washington  (107). 

Letters  of  envoy  were  received  from  the  Gcolo^oi 
Survey  of  Pennsylvania,  Harrisburg,  March  29,  and  Pft 
Peters,  Kiel,  February  23, 1831. 

Dr.  Nolan  informed  the  Society  by  letter  that  a  box  of  I* 
dian  relica  had  been  sent  to  the  care  of  the  Academy  o 
Natural  Sciences,  by  Mrs.  Uatdeman,  for  ibc  Aniericai 
Philoeophical  Society.  On  motion  these  were  ordered  to  bi 
deposited  in  the  Academy's  museum,  and  Dr.  Horn  mi 
appointed  to  verify  the  list. 

Donations  for  the  library  were  reported  from  the  AsiiUii 


Society  of  Japan ;  the  Academies  at  St.  Peten>l>Hrg,  Berlin, 
Rome  andPluladelpbia;  the  Bureau  of  Statistics  of  Sweden  ; 
the  Zoologischer  Anzeiger;  Frankfurt  Geographical  and 
Statistical  Association:  Bordeaux  Commercial  Geographi- 
cal Society  ;  MM.  Delesse  and  Lapparent,  and  Kevue  Poli- 
tique of  Paris;  British  Association,  Royal  Astronomical 
Society,  Chemists'  Journal  and  Nature ;  Nova  Scotia  Insti- 
tute, Canadian  Naturalist,  I'rof.  Ed.  C.  Pickering,  Hon. 
Robert  C.  Winthrop;  the  Middletown  Scientific  Associa- 
tion ;  the  American  Journal  of  Science ;  Mr.  C.  B.  Dudley ; 
Mr.  H.  C  Lewis ;  the  Second  Geological  Survey  of  Pennsyl- 
vania, and  the  Johns  Hopkins  University. 

A  box  of  Indian  flints  for  the  cabinet  sent  from  Chicques, 
Lancaster  County.  Pa.,  by  Mrs.  Haldeman,  was  reported  in 
tlie  care  of  the  Academy  of  Natural  Sciences,  Philadelphia. 

Mkatic Jlora.  The  Secretary  reported  that  he  had  received 
letters  from  Prof.  W.  M.  Fontaine,  of  the  University  of  Vir- 
ginia, datetl  Charlottesville,  February  Slst  and  March  29th, 
respecting  the  publication  in  the  Transactions  of  a  Memoir 
on  the  Rhjetic  flora,  and  on  the  formation  to  which  they  be- 
long, in  Virginia  and  North  Carolina;  about  340  pp.  MS. 
with  32  4to  plates,  the  figures  closely  placed,  and  nearly  all 
io  outline,  with  only  indispensable  details. 

Besides  the  descriptions  of  plants,  the  author  gives  "a 
pretty  full  account  of  the  geology  of  the  Mesozoic  of  Virginia, 
with  an  explanation  of  its  peculiar  features,"  He  has  "a  very 
large  collection  of  fine  plants-  Many  of  them  are  new,  some 
exceedingly  fine;  and  all  of  them,  whether  already  de- 
scribed or  as  yet  undescribed,  much  more  perfect  than  any 
hitherto  found."  "The  collection  is  a  pretty  fair  representa- 
tion of  the  flora  of  the  older  Mesozoic,  and  will  throw  light 
on  the  Mesozoic  of  North  Carolina  and  Pennsylvania." 

Saltvilk  fault.  The  Secretary  communicated  the  following 
notes  by  Prof.  Fontaine,  made  in  the  same  letters,  upon  the 
vicwa  of  Mr.  H.  C.  Lewis  respecting  the  structure  of  the 
Saltville  valley  in  Southern  Virginia,  published  in  the  Pro- 


Ung6 


No.  107, 


page  1 


350  (Apriii 

Mr.  Fontaine  pointe  out  that  the  little  salt  unci  g>"psnn 
Ijearing  valley  of  Saltville  cannot  be  "eroded  along  an  ant! 
clinal  of  Lower  Silurian  limestones,"  because  the  south' 
east  wall  bills  only  are  of  tliat  age,  white  the  north-west  wsll 
hills  are  of  Urabral  (Mauch  Chunk,  Subearboniferous)  ape. 
He  was  the  first  to  find  in  the  limestones  on  that  side  of  Uw 
valley  an  abundance  of  Umbral  foasils,  in  the  highly  foeBil< 
iferoua  ahale  beds  intercallated  between  the  massive  linie- 
stones.  The  species  are  the  same  found  in  the  Umbral  near 
Lewisburg,  West  Virginia.  The  Magnesian  (Lower  Silu- 
rian) limeetone  strata,  bounding  the  valley  on  the  eoutb' 
east,  show  no  trace  of  fossils. 


The  physical  aspects  of  the  two  formations  also  di&n 
Beds  of  shale  and  limestone  alternate  in  the  hills  N".  W.  of  tht 
valleys ;  and  some  of  the  limestone  is  cherty,  and  some  of 
the  shales  are  red.  But  the  S.  E.  hills  contain  only  solid 
limestone  strata.  Those  on  the  N,  W.  side  have  a  moi* 
ronnded   topography. 

It  is,  however,  quite  true  that  the  stratification  is  in  c 
site  S.  E.  and  N.  W.  directions:  gentle  to  the  8,  E.  and  mnoB 
steeper  to  the  N.  W.  The  structure  is  therefore  anticlinali 
But  there  must  be  a  considerable  fault  along  the  axi*  of  tbl 
anticlinal,  and  this  fault  must  run  along  the  south-eaBt  edgl 
of  the  little  valley. 

The  explanation  is  then  simple.  The  Umbral  tinicetonf 
ridge  is  a  synclinal ;  and  the  red  shale  formation  (.'omes  il| 
on  both  sides  of  it, — with  north-west  dips  in  the  littlL^ 
valley, — and  with  south-east  dips  in  the  valley  of  the  HoC 
sten  river,  at  the  foot  of  the  mountain,  as  shown  above. 
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A  reference  to  the  place  of  the  Michigan  Salt  groap  in  th 
Palaeozoic  eeriea  uiakee  the  presence  of  salt  here  easily  d 
dcrtitood.  The  horizon  seems  to  be  salt-bearing  iu  othe 
places  in  Southern  Virginia.  There  is  a  salt  ooze  near  Mai 
Meadows,  at  about  this  geological  horizon. 

The  Secretary  suggested,  in  addition,  that  the  underlying 
Veaportine  (Pocono)  sandstone  is  a  great  salt  producing  fi 
matiou  in  the  Ohio  river  up-eountry.  That  the  gypsan 
is  an  acid  reaction  upon  the  eroded  outcrops  of  the  lim^ 
stone  he  showed  in  Proceedings  A.  P.  S.  Vol.  TX.  p.  ! 
1862.  

Mr.  J,  F.  Mansfield  of  Cannelton,  Beaver  oounty,  P», 
communicated  by  letter,  dated  House  of  Representativea. 
Harrisburg,  February  4, 1881,  a  drawing,  life  size,  of  a  fine 
fossil  Eartfpterus  found  by  him  in  the  shale  immediately  b* 
ueath  the  Darlington  CauDel  Coal  bed,  Lower  Productive! 
Coal  measures,  with  a  request  to  have  the  epecimeu  studii 
and  described. 

Mr.  K  B.  Harden  exhibited  two  models  in  plaster,  oi 
geologically  colored,  the  other  uncolored,  of  a  lar^e  p«rt 
Blair  county,  Pa.,  on  a  scale  of  8000'  :  1"  ;  vertical  ecale  «»■ 
aggerated  2^  times. 


Captain  E.  Y.  McCauley,  U.  S.  N.,  communicated  for  p*ilh 
lication  in  the  Proceedings  an  alphabet  and  syllabary  of  tU 
Egyptian  language,  for  the  use  of  students,  iu  S2  MS.  pogOi 
reducible  to  8vo  size  for  the  Proceedings. 


The  Publication  Committee  reported  in  favor  of  a  full  « 
change  of  all  publications,  so  far  as  sets  could  be  made,  wil 
those  of  the  Musee  Guimet  at  Lyons,  which  was  appron 
and  ordered. 

Pending  nominations  927  to  933  were  read,  and  the 
ing  was  adjourned. 


^W-I 


353 

Stateil  Meeting,  April  15,1881. 

Present,  17  members. 

President,  Mr,  Fbaley,  in  the  Chair. 


A  photograph  of  Herr  GOppert  was  received  for  tlie  al- 
bum, in  a  letter  of  envo^,  dated  Breatau,  March   24,  1881. 

Letters  of  acknowledgment  were  received  from  Herr 
Bernard  Studer,  dated  Berue,  March  25  (106  and  List), 
aud  from  the  Zool.  Soc,  Amsterdam  (105, 106  and  List), 

The  Physical  Section  of  the  Ch.  I'hy.  Soc,  Imp.  University 
of  St.  Petersburg  was  on  motion  placed  on  the  list  of  cor- 
reepondenta  to  receive  the  Proceedings, 

Donations  for  the  Library  were  announced  from  the 
Russiau  Academy  ;  Accad.  dei  Lincei  at  Rome  ;  Society  at 
Erudeu;  Dr,  Otto "WolfenHtein  of  Valencia;  Com.  Geological 
Society,  Bordeaux  ;  Halifax  Libi-ary  Company  ;  Prof.  0.  C. 
Marsh  ;  Mr.  Henry  Phillips,  Jr. ;  New  Jersey  Historical 
Society  ;  Hamilton  College,  N.  Y. ;  Wyoming  Historical  & 
Geological  Society ;  American  Journal  of  Pharmacy,and  Am. 
Jour.  Med.  Sciences;  U.  S.  Coast  Survey ;  University  of  Vir- 
ginia, and  Major  Jed.  Hotehkiss. 

A  drawing  and  description  of  hia  improved  "  Centigrad 
Photometer"  was  received  from  D.  Coglievina  of  Vienna. 

Prof.  P.  E.  Chase,  explained  certain  relations  of  the 
spectrum  line  F  with  other  lines  and  data  suggesting  the 
probable  identity  of  hydrogen  and  the  lurainiferoua  lether. 

Prof.  Cope  read  a  paper  on  the  Perissodactyla. 

Dr.  Kbnig  made  remarks  on  Dr.  P.  ¥.  Reiusch's  recent 
plat«d  of  the  inisroscopic  lithology  of  anthracite  and  other 
coals. 

Mr.  Lesley  communicated  an  appendix  to  Dr.  Spencer's 
jia[>er  on  the  Lake  Erie  former  water-basin,  suggesting  the 
probable  flow  of  the  upper  Ohio  from  Pittsburgh  to  Butler, 
thence,  via  New  Castle,  up  the  present  Mahoning  Valley  and 
dowD  the  Grand  Valley  of  Ohio  to  Lake  Erie. 
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On  acratiiiy  of  the  ballot  boxes  the  Presideut  declared 
following  persona  duly  elected  raembera  of  the  Society. 

Prof.  Claudio  Jaiinet,  of  Paris. 

Prof.  Paul  Leroy  Beaulieu,  of  Paria. 

M.  Emile  Malezieux,  of  Paris. 

Prof.  E.  A.  Barber,  of  West  Philadelphia. 

Dr.  Jas.  A.  H.  Murray,  of  Mill  llilt,  Loudon. 

Hon.   Wiliiara   Butler,  Judge  of  U.  S.   Digfrlet     Cooi 
Easteru  District  of  Pennsylvania. 

Mr.  Wm,  Woodnutt  Griecora,  of  Philadelphia. 

And  the  iDGCting  was  adjouraed. 


Pholodi/itamie  Nole;  11.    By  Pling  SarU  Chn»a.   LL.D.,   ProfiMT 

rhilo>nphy  i»  ilacerford  CoUtge. 

iRtadbtfon  the  Amtrk/in  Ph\lo»ophieal  SoeUty,  April  15,  tSSl.) 

16.   Wtighing  the  Sun  by  a  8«ap  Bubble. 

Id  the  well-linown  expecimenl  of  iuQating  a  soap  bubble  vii\i  a  miilu 

ofOEjgen  and  liydrogea,  and  explodiag  It  by  n  conJle,  thera  I 

tunity  for  studying  vnrious  ladlodyaitmlc  relations.     The  equilibria! 

whtcli  usually  exUts  butweea  tlio  grarttatlou  of  the  particles  tunrards  It 

sun  and  towards  the  earth,  is  suddenly  and  violently  diBtiirt>e<l.     Durli 

the  restoration  of  equilibrium,  there  are  sinutltaneous  lenduocie*  totl 

production  of  orbital  velocities,  about  the  earth  and  about  the  sun. 

The  height  of  virtual  focal  projection  wliich  represeata  ellipti 

velocity  is  ^  (1  -|-  e)  ;  the  height  at  Earth's  equatorial  surface,  wliicli 

3983.8 
in  unison  with  orbital  projection,  being  ~~^~'  X  1.01677  =  20U.16  mlli 

(        13896 
Dividingthis  height  by  the  French  thermal  unit  |C=  t,2f^  tnilo.poanil 

and  multiplying  by  9,  because  9  pounds  of  gas  are  lifted  by  X  pouDd ' 
combustible,  we  get  03dT8.S  calorics  as  the  thermal  (^quivalcnt  of  the « 
plosion.     Naumann*  gives  the  following  experimental  ralues  : 

Thomsen '. . .  08376 

Favreand  Silberraann 68BM 

DuloDg W486 

Hess - 69561 

Grass! ...: ABaSt 

A^ndrews 9nU 

Mean 68831 

•  Hatidbuch  dci-  Clumlp,  p.  a«. 
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The  explosive  Torco  proceeds  radUllj'  Id  nil  directions  from  the  centre, 
so  that  Ihe  particles  are  subjected  to  cones  of  force,  Inirodnclng  oscillations 
'Which  may  be  represeoled  hy  &  conical  pendulum  of  j  the  heiglit,  or 
SOS. 54  miles.  In  seeking  eqaillbrium,  the  iinrticlea  tend  towards  their 
own  centre  ot  gravity,  at  ^  of  503. S4  ^=  251,77  m.,  and  also,  on  account 
of  resistance  at  the  Earth's  surface,  towards  the  linear  centre  of  oscillo- 
tioa.  At  i  of  503.54  =  335.09  miles. 

The  action  of  Earth  on  the  centre  of  gravity  or  the  mass  produces  a 
■econdary  centre  of  oscillation,  in  which  the  primary  centre  of  oscillatioD 
acts  aa  a  point  of  buspensioii,  and  the  centre  of  gravity  as  a  pendulum- 
extremity  of  wave  propagation.  This  secondary  centre  of  osdllation  is  at 
{  of  503.54  —  279.71^  m,,  which  ropresenU  the  mean  vit  oina  uf  oecilla- 
tory  projection  relatively  to  Earth  ;  the  ei' 
represented  by  Earth's  semi-axia  major. 

Let  J-  =  3802.8  miles ;  nr  =  Earth's  se: 

81558U»  seconds  ;   (,  =  2^-sj  ^-  =  .W73.6  i 
Earth's  mass ;  h  =  879,745  miles.    Then  ni 


I  tiva  rulatively  to  8an  being 
li-axis  mnjor ;  ^,  ^  I  year  = 


(n'K?)'^— 


,  Otntra  of  BantUg  and  of  NucUation. 

e  rotating  photodyaamic  action  which  is  represented  by  the  equations, 

sttloeity  of  tight,    .   ='fao(lHJui,  is  shown  in  its  greatest  simplicily  at  the 

Dsmical  systems.     In  all  ottier  places  it  is  complicaUN) 

h  orbital  motions,  which  increase  the  difficulty  iif  determining  the  sum 

D  phoUxlynamic  actions  which  are  lialanced  by  an  equal  sum  of  gravi- 

g  mctiona.    Doubtless  methods  will  be  found  Iiereafler  for  making 

^fraper  allowances  in  all  itie  most  important  cases ;  but  at  present  we 

B  only  a  few  steps  towards  the  goal.     The  first  step,  nalurallj,  is 

Mfiaa.  the  centre  ofoucleation,  to  Earth,  the  centre  of  density.     Here 

a  helped,  as  in  the  first  instance,  by  the  study  of  maxima.    The 

l>elwcen  association  and  dissoclHtion   at  the   nucleal    centre  is  tlie 

dty  of  light,  or  the  greatest  known  velocity  of  wave  propagation  ;  tbt) 

n  vf  denaily  is  revolving  about  the  nucleal  centre,  and  its  "  nascent" 

Rahows  the  greatest  possible  tendency  to  circular^orbital  velocity  in  the 

e  strictly  circular,  would  be 

K.Z^   ^=  261.83  miles.     This  needs  to  be  multiplied  by 

=  (1.01077)',  in  order  to  allow  for  orbital  "subsidence"  from 

lellon  to  menii  position.     We  tlius  get  370.08  miles,  for  the  value  of  v'gr 

I  eqaatorial  surface.    Ifwe  knew  the  precise  quotient  of  Earih'i 

I  raoc-  AiCEB.  PHtiiOS.  boc.  xix.  109.  2b.    priktkd  uav  3,  1881. 
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Ncmi-axls  major  by  Sun's  eenii-d)atn«ter.  we  ooulil  oasilf  compuw 
masBand  distance.    Different  observers  give  mensurMmeuUnrSun' 
[er,  which  vary  through  a  rangoof  ahont  a  fourth  of  one  pei"  otTit. 

Id  expanding orcondonsLDg  nebulte,  1  Uave shown  Lliat  Laplactj'slimil 
tr  atmospheric  radiiiB  varies  ua  the  )  power  of  llie  nucleni  radius.  Onri 
step  towards  transforming  Earth's  orbital  into  nucieal  efficient  TeliMJIj 
to  multi|)ly  g-  X  (1  +  <)'  l>y  (1  +  «)  •  We  must  alw  multiply  by 
lM^L'auae  the  time  of  acquiring  the  elficient  velocity  is  t  times  as  gT«*I 
the  time  of  acquiring  orbilal  vciocity,  and  by  n*.  because  Sun'a  equaliii 
velocity  of  rotation  is  it  times  as  great  as  the  corresponding  velocity  of  n 
lion  when  expanded  to  Earth's  orbit.    We  then  have  ; 

Earth's  g'  X  (I  +  «)'  X  (!  +  «)'  X^n^  tehtUg  of  light  =  lOOM. 

X  370.68  -^  nK 
The  right'hand  metnlier  of  this  douliie  equation  in  obtained  as  fallovi : 
If  ^  =  Earth's  semi-axis  inajor,  its  orbital  velocity  is  3  ^  ^  -i-  SlSSBltt) 

the  velocity  of  light  being  p  -hi97M7.    But  270.6S  la  n^  limeaEutli'ive 
/     3l558Ui»  j 

biul  velocity  ;  therefore.  Uie  velocity  of  light  Is  ^3"irV497'M7  —  l*"**-" 


X  370.61 


n*. 


Solving  the  equation,  we  Sod 

497,827  e^  :=  92,787,830  miles 


2H.477B;   v^  =  186.885.7 1  f 

-  \3983.8/    ^   \5073.0   •«./ 
331.71)8  m,. 

This  purely  pholodynainic  detenu inatioD  of  p  differs  liy  less  Ihan 
of  one  per  cent,  from  the  partially  thermodynamic  deterDiinaliua  la 
foregoing  note. 

18.  Jfuchal  and  Rupturing  Ointre*  of  ConAenmtion. 

Our  next  tentative  step  is  to  Venua,  the  nearest  and  brlghl«8l  of  Bul 
sister  planets,  an^  the  only  one  which  shares  with  Eanh  the  pecallBrtVi 
sometimes  having  an  orbit,  in  the  oursu  of  ils  secular  cliangM  of  •>( 
triclty,  which  is  entirely  circular.  This  fact,  together  with  Garth's  CM 
position  in  ihe  dense  belt,  Indicaira  a  purely  nuclaal  orifln  for  tlurt  U 
the  other  planets  showing  more  obvious  evidences  of  an  urisin  whU  i 
partly  almosphoric,  and  of  the  Influences  of  "subsidenco"  which  * 
so  happily   pointed   out  by   Kerschel.     The   nasnent  vt*  awn   nl   Vm 

V  2  )s    ""*  '^'*^  "  "iP'u'^iB  "'*  "'''«  '"  'lie  deuse  bell,  as  Is  stiown  Uy 
following  relation  between  Earth's  aemi- axis  major,  p^,  and  VcnUH'ssea 

perihelion  radius-vealor,  p  . 


(?)^(f):^ 


..«■■> 


■lOt  [Cbue. 

It  na  t&ke  tor  Ufa  the  vnlue  given  by  Note  17 ;  Tor  m,.  Hill's  estimate, 
,;  for  ti,  23"  21"  =84060  sec.    Then 
43030 
42TM0- 


I). <» 

xir  =  (|). (S.> 


Introduoing  8tockwe!l'a  value,  pg  =  .672241.  logetlier  with  |2)  ami  (3). 
inlo  (]).  WB  have 
'    '  '  /43082  1  \»  /4303()         1  \' 

^^^Eence  we  flnd  ; 

^^^  r,  =  .9606  r, 

^^"Herecliel  gives  .963  ;  Newcomb  and  Hutden,  .967  ;  Newcomb,  in  John- 
bob's  Cycloptedis,  .11U02  ;  Searle,  .98  ;  Chambers,  .il48. 

19.  CtTUret  of  Den»ity  and  Nebulotity. 
Eartli's  nascent  relation  to  the  maximum  value  of  Sun's  ^/ gr  introduces, 
BB  we  have  seen,  the  factor  of  gravitating  subsidence  to  a  Hpheroidal  nu- 
Qleiia.  (1  +  »)'.  Jupiter's  relation  to  the  same  value,  indicates  the  forma- 
tion of  a  secondary  nucleus,  at  the  centre  of  primUiva  nebulosity  ;  for  Sun's 
■Operflcial  I'yr,  270.68,  is  accelerated,  in  Jupiler's  nascent  Telocity,  in 
the  nUio  which  is  due  to  solar  condensation  to  Jupiler's  secular  perihelion, 
or  rupturing  atmospheric  locus,  which  is  .1)397  of  Its  seini-nxis  major,  the 
greatest  eccentricily  being  .0003.     We  have,  therefore  ; 


if). 


-  (v'yr)o  -+-  .9397  =  288.076  miles. 
Pmfessor   Hall's  estimate  of  (     is  9'    55"   30'.5    ^   3572^.5  seconds. 

This  gives  g^  ~  288,078  -^  2   ~  ■"^^'^'^  "*■   =  2.054  y„  ;   7-5  =  (— ) 

/  831799  -v  "    '' 

=  (l647.876  ■^S-Om)'-::  %  =  10-»2*  V 

Herwhel  gives  10.977;  Newcomh.  10.B5  ;  Scarlc.  10.113;  Chambers, 
10.73. 

20,  Cmtral  Nebuiout  Rupture  and  SubtidtTtca. 

The  O-ordinate  influence  which  is  shown  in  the  nascent  velocities  of 
Eortli  and  Venas  (Note  18).  has  an  analogue  in  Jupiterand  Batum.  If  wc 
represent  Jupiter's  atmospheric  rupturing  locus  by  f,,  and  Saturn's  locus 
of  incipient  subsidence,  or  secular  aphelion,  by  (,^,  we  And  -. 

Pt-Py-  '-Wgr).     y-^fi 
10.343  :  4,8868  :  :  270.68  :  127,81. 
Prof.  Hall's  estimate  of  I,  is  m  14"  23'.4  —  3663.4  seconds.     Dividing 

137.81   miles   by   S,   we   get  g^    =   .0069344  m,    =   1.141   p^  ;    jJ^    = 

VSfiOI.B^  '"V     '       » 
Rerschel  gives  0,87  ;  Newcomb,  8.86 ;  Searle.  9.01  ;  Chamlwrs.  9,07. 


21.  Ifcfdal  Coirdiiiittion. 

We  see,  tlierefore,  Trom  Notes  tT-20,  Ibat  tbe  Ave  nodal  posilioiu.  wtiidi 
lire  of  the  grcutest  pliotodyDamic  iniportauco  in  tbe  solar  eyAiem.  sboir 
Bncceadve  coordiustiug  infiuuncea  of  uaiTereal  ielltereal  oBCillatloa  ;  for.  \t 

we  designate  naacent  velocity  (  o" )  by  V, 

V„  or  tbe  Bum  of  tbe  reactionary  gmvitatiag  impulses  at  Sun's  eurfltce 
during  a  I inlf- rotation,  is  tbe  velocity  of  iigbt. 

Vo,  or  tlie  Hum  of  tbe  reoctiouury  gravitating  impulses  at  Eftrtli'e  iurbct 
during  a  balf  rolatiun,  is  due  to  tbe  sum  of  tbs  reactionary  tmpuIsM  ■ 

Sun's  surface  during  the  tirao  of  communicaliug  orbital  velocity,  '\'yt 
part  of  the  vulocity  being  compensatory  of  orbital  subsidence,  iind  tb«  m 
giving  asial  rotation. 

V^,  or  tbe  sum  of  tbe  reactionary  gravitating  impulses  at  Teniis's  WT 
faou  during  a  ha  If- rotation,  is  due  U>  tlie  belt- rupturing  itnpulses  of  Uic  n- 
actionary  impulses  at  Earth's  surface. 

Vy,  or  the  sum  of  the  rcnctionary  gravitating  impulses  at  Jupiter'i 
face  during  a  balf-rotatioa,  is  due,  in  part,  to  tbe  sum  of  tb«  reaclionaij 
impulses  at  Bun's  surface  during  the  time  of  communicating  orbibU  veIm- 
Ity,  and  in  part  to  the  acceleration  of  Sun's  atmospheric  condeusalion  W 
tbe  locus  of  nebular  rupture. 

V^  or  tbe  sum  of  the  reactionary  gravitating  iinpulsea  at  Sdiurn's  Kf 
face  daring  a  batf-nilation,  is  the  incipient  velocity  wUicli.  when  aooei(^ 
ated  by  solar  atmospheric  subsidence  to  tbe  rupturing  locus  of  its  bell,  bi> 
came  equivalent  to  tbe  sum  of  tlie  reactionary  impulses  at  Sun's  ■ 
during  the  time  of  communicating  orbital  velocity. 

Tbe  joint  relations  of  Hiarlb's  eccentricity,  Earth's  semi-axis  major,  Son'l' 
semi -diameter,  tbe  velocity  of  light,  planetary  velocity,  nuacent  vslocilysf 
Sun  and  Earth,  and  Sun's  equatorial  velocity  of  rotalioa,  whiob  aru  *bo«B 
in  Note  IT,  are  wholly  Inexplicable  upon  any  hypothesis  whicb  bib  N 
recognize  the  equal  actions  and  reactions  of  an  elastic  medium.  Tbej  U 
all.  however,  simple  and  natural  results  of  pbotcdynamic  induettce.  Stu: 
nascent  velucily  is  tbe  velocity  of  ligbi,  V„;  tbe  limit  of  circubtT'OitMl 
velocity  {V,—  (i/ ffr)a  =  270.08  miles),  is  equivalent  to  V.  ->-  (1  +•)*«< 
Eartli's  nascent  velocity  (  "o")  =  361.83  miles,  is  equivalent  to  V^* 
(1  +  «)' ;    Sun's  equatorial   velocity   of  roUtlon   (V,  —  1.S33  VtUmi.  t^ 


equivalent  to 


-(f).- 


32.  Boundarirs  of  tht  DetM  BtU. 


The  uncertainty  of  Mercury's  muss  niokcs  any  attempt  to  dftenniae 
nascent  velocity  merely  pn.>visional.    It  eeenis  probable,  however,  IM I 
bears  the  same  protwrtion  to  Earth's  nascent  velocity  ns  Mercury's 


of  incipient  subsidence,  or  secular  perl bel ion  (.477),  bears  to  EnriU's  «emt- 
>xia  mnjrir.  If  Bucli  is  tlie  aise,  ii  furniBliea  anoilier  iiisiance.  like  the 
Inner  mooa  of  Mars,  of  the  establi aliment  of  a  Ducleolus.  by  anbaidence 

willitn  a  condensing  nucleus.  If  we  take  Encke'a  muss,  ^uKiKv  ■"'* 
Herttchel'g  time,  t  =  S4"  5",  tliu  proportlou 


■"-■^^©.■(f). 


gives  r,  =  .370  r„. 

Herschel  gives  .308  ;  Newcomb,  .878 ;  Searle,  .34 ;  Chambers.  .374. 

M»rB,  the  nuiermmt  of  the  dense  belt  of  plnnete,  furnishes  clear  eTidence 
of  the  dependeucoof  Das<«nt  velocity  upon  plioiodynamlc  influence.  If  wa 
designate  the  cenirlpetal  photodynamic  acceleration  at  Enrth's  aemi-axls 
major  by  t^.  and  the  action  at  the  mean  secular  aphelion  of  Mars  by 
#^  we  find 

Sabstiluling  Hull's  values  for  m^,  (oiig^g™))'  ^"^  V  f^*"  ^""  22v7),  we 


HerscUel  gives  .517  ;  Newcomb,  .531 ;  Searle,  .59 ;  Chambers,  .821. 
23.  Fouritr'i  Theorem. 

In  the  aclivitiea  of  the  luminlferoua  lether  we  may  reasonably  Iiiok  for 
sbDodant  evidences  of  tbo  truth  of  Fourier's  theorem  :  "Every  [leriodic 
TibTKtory  motion  can  always,  and  always  in  one  manner,  be  regarded  as 
the  sam  of  a  certain  number  or  pendulum  vibrations."*  In  Note  5,  I  gave 
■n  atimate  of  Ihe  mass  at  the  centre  of  condensation,  which  was  based 
apoa  tbis  theorem.  The  same  value  may  also  be  obtained  as  follows  :  If 
we  consider  simple  lines  of  force,  in  homogeneous  nebular  condensation, 
we  flml  the  centre  of  gravity  coincident  with  the  linear  centre,  and  the 
centre  of  oscillation  at  two-thirds  of  the  distance  from  a  point  o(  suspen- 
sion, or  principal  inertia,  to  a  point  of  oscillation,  or  Inferior  Inertia.  If 
wt  consider  radial  action  from  or  towards  a  centre,  we  know  that  the 
oacillations  of  a  conical  pendulum  are  synchronous  with  tlioae  of  a  linear 
pendulum  of  four  times  the  length.  We  know,  moreover,  that  centripetal 
acceleration  varies  as  the  fourth  power  of  the  velocity  of  circular  orbital 
rtfTolation.  In  the  conversion  of  tendencies  U)  nucleal  rotation  Into  ten- 
denciea  to  orbital  revolution,  the  oscillatinj^  particles  are,  therefore,  sub- 
jected to  central  intluencea  which  may  be  represented  by  (3  x  3  X  4/  =^ 
381776.  which  is  the  ratio  oi  the  mass  at  the  centre  of  nncleatlon  to  the 
m&RS  at  the  centre  of  condensation,  as  estimated  in  Note  S,  It  differs  by 
less  tluui  Ji  of  one  per  cent,  from  the  value  found  In  Note  IS,  and  by  lesa 
\0  tit  ofone  per  cent,  from  the  value  found  in  Note  17. 


ct-iai.v 


C111U.O.) 
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34.  SaUilitt  Veloeit]/  at  tU  Centre  of  DtTuHj/. 

Tlie  influence  of  Laplace's  limit  appears  in  salelllte  velocity  ns  Well  u  in 

velocity  of  Toiation  (Note  17).  at  tlie  centre  of  coadenantion  In  the  tolti 

ityBteni :  thus  lending  added  sigDiBpance  to  ttie  etelUr-Rol&r  paraboloidt.* 

If  t  designates  the  limit  of  synclimnoua  rolution  and  revolution,  it  1*  evi- 

dent,   fVoro   Kepler's   lliird  law,  lliat  r  I^  igry  =  |,   and  ;;' n  jl  (jr}' 

(1  +  e)"^  =  naUKity  "flight.  If  we  lake  Earth's  semi-Alls  nutjor  u  tlit 
unit-Icngtl)  of  linear  osciliation,  the  velocity  which  correepondg  lu  Ui* 

mean  linear  dm  vitii  is  (  »  )  ;  the  accelerating  limit. of  satellite  vetodlf 
divided  by  velocity  of  equatorial  rontion  is  gQ^^g  =  16.9828  ;  tbe  nasteat 
vii  viva  of  nebular  atmoapUeric  condensation  divided  by  mean  orbital  rit 
vivaiB[;:Cl  +«)']':  the  oi"«  ei'oa  of  terrestrial  projection,  in  units  of  m- 
cleal  condensation,  lb  n,  The  projection  against  uniform  resistanoe^  arilM 
synchronous  rotating  velocity  which  is  due  to  such  projection.  Is  pnipar> 
Honed  to  the  m»  viva,  and  we  Qnd  thai 


(I)'- 


■'  X  1. 


.01677' 


St  4.59 
from  the  I 
transfoniiations  of  photo- 


TbU  value  of  n  differs  by  leas  than  ^  of  i 
by  Note  17.     Buch  accordance  in  tlie  siicw 

dynamic  energy  into  energy  of  rotation  and  of  revolution  gives  new  c»l- 
dence  ol  the  kinetic  importance  of  Earth's  position  at  the  centn  tfi 
betl-condensation. 

If  we  treat  t  and  i>  as  unknoivn  quantities,  and  And  their  values  by 
bining  tlie  methods  of  Notes  17  and  SO.  we  gel  I  +  «  =  l.OIfiaa  ;  n  = 
314.51.     This  value  of  s  differs  by  less  than  i'«  of  one  per  cent,   from  t 
observed  value.  1.01877.    If  we  treat  n  and  the  coostaut  of  ubcrrstinn 
unknown  quantities,  we  find  n  =  214.59 ;  time  oi  light  propagalluD  tn 
Sun,  407".428. 

as.  SaUim  VatoeUiM  in  the  Deim  BeU. 

The  cciuation,  si'  (/'")'  =  ^ .  i«  foe  in  all  cases  of  radindyDamlc  ceft- 
trifugal  or  centripeiAl  influence,  whether  coamical  or  molecular.  The  nni* 
of  uncertainly  respecting  the  masses,  densities,  and  ailal  roi«tlons  of  tl 
other  planets,  is  loo  great  to  justify  any  attempts  at  precise  mensurcmut  i 
their  dependence  upon  tuthereai  or  photodynamic  Influence,  but  some  InU 
esting  comparisons  may  be  drawn  between  the  cenlml  and  oollatentl  tac 
gie«  in  each  of  the  great  planetary  bells,  which  furnish  siiggcstivL-  inlla 
tions  for  future  precise  observation  and  analysis.  I  f  we  refer  the  saUiDii 
veloi^ities  of  the  dense  lielt  U>  photodynamic  energy  at  the  c«ntn)  of  II 
belt,  by  taking  Earth's  limiting  velocity  as  the  unit,  we  may  desigwM 
the  limiting  velocities  for  Mercury.  Venus,  Earth,  and  Uars,  by  c,.  «,  iv  'p 
•rriw.  Am.  I'lill.  soc.  ill.SW;  xl;i.  aw:  rt  iW, 
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lake  thp  values  of 
L  tliL-  values  or  m, 


1.5287 


rtsfiectivply.     These  velocilies  vary  &a  ( —  1   ,  unci  if  t 

r  which  were  found  by  comparing  the  axiiit  periods,  v 

which  were  BBHumeii  in  coni|mriei>n  (Notes  17,  18,  3i), 

«,:«,::!:  .4243  Mercury's  semi-axii 

p,  :  e,  :  :  1  :  C.7255)i  Venus's 

e,  :  p,  ::  1  ;  (1 -i- 1.503)'        Mura'a 

All  of  these  mtios  point  to  iofiueDces  operating  withio  the  orbita  of  tho 

respective  planets.    The  ratio  between  Enrth  and  Mercury  indicates  aim  ul- 

taneooB  Duclcol&r  condensation  within  a  primitive   condeusing   nucleus  : 

the  ratio  between  Earth  and  Miira  indinilea  the  comimratiTe  influence  of 

ceolripelal  photodynamlc  impulsion,  or  of  orbital  gravitation  towards  the 

San  :  the  mtio  between  Enrth  and  Venus  indicates  synchron'ms  liarnionlc 

iafluenci-s  of  projectile  rw  Hta  within  a  rotating  nebtilii. 

26.  B<iUUite  VeloeiUn  in  tite  Ban  Belt. 

Bitendlng  the  foregoing  comparison  to  the  lighter  planets,  we  And  : 

D, :  s,  :  :  I  :     S.8838  Jupiter,  mean  aphelion   5.4^.74 


1.7271 
Japit«r,  tlierefore.  falls  ini 


indicating  simiiltaDeriuB  nucleolar  c 


I  the  same  category  its  Mercury  and  Earth,  a* 
idensation  within  a  primitive  condena- 
nucleus;  the  ratio  between  Saturn  and  Earth  indicates  salelUte  ve- 
loclll««  accordsnl  with  their  respoelive  velocities  of  nucleal  projection ;  the 
Urknian  and  Neptanian  ratios  multiplied  by  their  respective  mass-ratios, 
potoi  to  a  primitive  unity  of  momentum  near  the  outer  surface  of  our  sys- 
tem in  its  early  stages  of  condensation. 

If  we  adopt  Newcomb's  values  for  the  respective  masses  of  Uraaus  and 
Neptune,  iiitjj  and  yf  j|-o-  and  laite  Earth's  mass,  ,,i'.,„  for  the  unit  of 
cum{inrison,  we  find 

Mbhh.  Limiting  SBt.  v.  mXv. 

Earth,  1  1  I 

Uranus,  14.6d  2.0308  29.613 

Neptune,  17.13  1.7371  38.567 

8tockwell  gives  38.732  for  Xeplune'e  moan  perihelion,  or  rupturing 

loctiB,  SO  tliftt  Enrth'a  relative  momentum  :  the  rupturing  momentum  : : 

£artli's  mean  rading  vector  :  the  rupturing  radius  vector.    This  seems  to 

be  K  conclusive  evidence  of  a  common  rotating  influence  wliicli  nmhraces 

Uie  centre  of  nacleation,  the  centre  of  density  aud  the  Neptuno-Uranlun 

be)U 

37.  Uarmonie  JlelatioTU  of  the  Xoon. 

Ib  Jfote  8,  Hie  Moon's  mass  was  shown  to  be  in  strict  acconlance  with 
iqnlremenls  of  tadiodynamic  elasticity.     The  two  foregoing  notes. 


ie.I 


r*p»u) 


together  with  the  Moon's  position  relative  In  t)ie  centre  of  density,  i 
it  probable  that  iU  iliBtaoce  from  the  Enrtli.  a«  well  hb  lis  inam,  nutj'  fi 
iroportiuit  Imnnonic  iDdicnliuas.     We  Qntl,  accorilingly,    tliv    folhiwiai 
close  approximatioDS  ; 

Sun's  dislance  :  Moon's  dlBUnce  : :  Jupiter's  mean  locus  of  snfasliSena 
(mean  aphelioo)  :  Sun's  mdiuH  of  condensatb>a  ; :  Neptune's 
turlug  vU  Vina  :  EarLh'R  nebular  vi'i  viva.     Tlita  triple  praportlonftlltj  E 
Batlslied  by  the  following  ritluea  : 

08,908.000  :  2B8,847  : :  1168.07  :  3  ::  (10.78)'  :  1 

This  would  giVB  2IS.29  for  the  quotient  of  Barth'e  semi-axTs   NM^or  b| 
Sun's  semi -diameter,  which  is  probably  about  i  of  one  per  cent,  too  li 
TlieH  Rligbt  differeaces  In  the  approximations  to  thcTaliio  of  n  m%y  bedii 
to  solar  atmospheric  photoepberic  and  cbromospheric  modidcatiott*. 

The  approximation   of  Moon's  8cmi>axis  major.   me4MUred  Id   uniual 
Earth's  semi-diameter  (60.28)  to  Iho  coutiouod  product  3  X  4  X  S|  is  ■! 


tote  worthy. 


The  linoar-pcndulum  r 

'..  appears  ii 


.   The  Moons  of  Man. 
3.  S,  which  was  introduced  tnice  in  Ibn  fat» 
t  DumlKr  of  satellite,  planetary,  stellar 


molecular  harmonies.    The  folloiving  table,  with  i 
moons  of  Mors,  is  a  very  alrikini;  it 


gt  _  8»  ~  8'  —  8'  —  8»  =  41 

The  above  Dumbera  are  harmonic  divlsoM,  in  the  Mavartistn  afMMi^  « 

primitive  nebular  radius  which  rcpreseuts  proporUouaie  actioci  faolwi 

the  centre  of  pholodynamic  planetary  inertia  (Saturn}  and  the  locita  «tl 

ternal  rupture  in  the  dense  bolt  (Venas's  mean  perihelion).     For  on  ta 

Saturn,  mean  nid,  vec.  :  Venus,  mean  per.  ::  »..^8e  :  .808  :  :  18.«7;  1 

Ifwe  take  13.67  semi-diamelers  of  Mars  as  the  nebular  radiufl.  i  tlie  mdl 

would  be  the  locus  of  primitive  rupturing  subsidence,  a  locus  which  AOCM 

very  closely  with  the  semi-axis  major  of  Deimus,  the  outer  satAlUU.     Tl 

and  oilier  accnrdances  are  shown  in  the  following  tabic  : 

Divlflom.        Quntlen 

1  1S.670 


il  Fault lunii. 
13.070    Nebular  rudiua. 
3  G.835  0.840    Deimus. 

5  3.734  3.730    Phobus. 

14  .97(1  l.DOO    Semi-diameter. 

41  .333  .3:13    Linear  c.  of  central  osciU'ci. 

The  importance  of  the  ratio  of  liarmonio  undulation,  whicli  tuM 
thtis  introduced  at  the  outer  limit  ol  the  dense  liell,  has  a  deeper  meN 
wlien  we  remember  that  Venus  and  Eartli  are  ibc  only  two  pl&ncts 


«,J 
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orbits  are  ever  exndly  circular,  ftiid  Iberefore  tlm  only  ones  tbat  indicate 
nebular  uctiviUes  which  eKtend  to  the  very  Biirface  of  n  rotntiog  niicleiw. 

29.  Tlie  Moont  "f  Jupiter. 
We  majr  reasonably  look  for  n  greater  variety  of  satellite  barmonies  in 
connection  with  the  giant  planet  which  representa  the  primilive  nebular 
c«Dtre  of  our  syatem,  than  in  coDDeciion  with  any  of  its  subordinate  com- 
paniotiB.  Some  of  those  hanuonios  have  lieea  already  indicated  in  Note 
14.  It  may  lie  well  lo  rwlate  two  of  them  in  a  ditlercDt  form,  together 
with  some  others  which  seem  especially  signiflcant. 

I.  If  we  lake  mIsI  rotation  at  the  centre  of  density  as  the  unit  of  com- 
parison, itio  syQchroQODS  rotation  nud  revolution  of  the  oehular  hypothesis 
lia«beeaBCcelemled3B6.25$Rfotd.  by  Earth's  condensation  and  other  causes. 
Earth's  accelenilcd  rolallon,  is  l-o  the  acceleration  by  fail  to  a  centre  of 
linear  oscillatioii,  as  Jupiter's  synchronous  radius  is  to  Cailisto'H  synchro- 
nona  radius : 

886.2565  :  B  ■  :  4333-5848!'  :  16,6801^ 

The  signillcnnce  of  this  rhythmical  accordance   lietween   the   nebular 

centre  and  the  centre  of  dcnetty  is  increnaed  by  the  fact  that  tlie  nascent 

Telocity  at  each  of  those  centres  is  directly  traceable  to  the  luaximum  of 

planetary  velocity  (,\/gT  at  Bun's  sarface), 

II.  The  significance  is  further  increased  by  the  fact  ttiat  Callistn  repre- 
sents the  mean  centre  of  gravity  of  Earth  and  Jupiter,  at  Japiler's  ruptur- 
inj;  locus.  Jupiter's  mean  perihelion  being  4.07S2,  Its  distance  from  Earth's 
Bemi-aiis  major  is  3.{iT82.    Jupiter'a  mass  being  -^^^  ^,  this  relation  gives 


1 


331245  ' 


'S  1047.  i 
the  following   proponioi 


:  for  Earth's  mass,  as  will  be  seen 
.012585  being  Cailisto's  semi-axis  major  : 

3.9783  =.012585  ::  ^(,,533:33*2^5 
This  estimate  of  Earth's  mass  gives  92.736.000  miles  for  Earth's  set 
ait^  major,  and  1,167.100  miles  for  Calliato'a  semi-axis  dirJot. 

III.  Tiie  hannony  of  planetary  and  satellite  influences,  at  the  centres 
density  and  of  nebulosity,  is  shown  by  the  proportion. 

Jupiter's  secular  perihelion  ;  Earth's  semi-axis  major  :  :  Collisio's  sei 
utlB  major  :  Moon's  semi-axis  major. 
I  4.8863  : 1  : :  1,167,100  miles  :  338,850  miles. 

^^_  Herschel's  ealimate  is  237,000  miles. 

^^L  Lockyer'a  238.793      " 

^^H  Chamber's  %Vi.mi     " 

^^f  Von  Litirow'H    "  238.870     " 

^^^  Newoomb's  240.BOO      " 

IV.  An  elliptic  orbital  influence,  between  Jupitcrand  the  dense  belt,  w 
a  major -axis  of  6.131,  is  indicated  by  the  proportion  : 

6.I31  :  .012885  :  :  186282  :  383.38. 
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The  second  lerm  ortbis  proportion  reprewnts  Callisto's  a«nii  szisi 
the  third  lenn,  ilie  velocity  of  light ;  Ihu  fourth  temi,  llie  velocitj  mcquiwi' 
by  infinite  fall  to  Sun's  &urhce, 

V.  The  pcndnl  am -factor,  3,  appears  in  the  Jovian  syBtem,  in»primiiln 
radius  =  3*  X  l-*23  =  38.434  semi -diameters,  1.423  being  the  itieoroial 
ratio  of  the  radius  of  constant  volume  to  the  radius  of  cunstaDl  prti 

The  following  table  shows  Ibe  influence  of  harmonic  vibrKlioos  apon  tltt 
positions  of  Jupiter's  satellites.  The  harmonic  divisor  for  CftHIntn  b 
very  nearly  1  -f  3  n/  the  other  theoretical  divisors  liave  a  constant  lEilil 
difference  oTa. 

Oliftcrved 

Theoretical  Harmonli:  Dlvldorn.  Dlvlwir*.      (luollants. 

1  — 1.000  1.000         48.424       Gaseous  ndluk. 


1.423  2n,UU8         Callisto. 


lS.3r>0       GnnymedB. 


G.34G  G.358  G.048         lo. 


1  +  175  *  38.424 


)8.434 


1.000        S«nii'd' 


80.  TJif  Xootu  of  Saturn. 
The  photodynamic  centre  of  planetAry  inertia  presents  Ibe  Aillo*i>tl 
evidences  of  the  inlluencea  of  (ethereal  undulation  : 

I.  Titan,  Saturn's  giant  moon,  bears  witness  to  the  rupturing  tendev 
at  the  centres  of  nebulosity  and  of  planetary  inertia,  in  the  proportion: 

Saturn's  secular  perihelion  ;  Jupiter's  mean  perihelion  :  :  Tiun'a 
axis  major  ;  Sun's  semi- diameter. 

8.7344  : 4.9783  : :  .00817  t  .00489. 

II.  The  combined  inlluencesoforhilAl  revolution  at  the  (vnlre  of  dnulQ'^ 
and  of  Laplace's  tendencies  to  synchronism,  are  shown  in  the  approtit 
equivalence  of  the  lerrcatrial  year  to  23  orbital  revolutions  of  Titan. 

3G6.2563  =  33  x  lS-924 ;  TiUn's  orbiUtl  period  =  lS.94fi  d<^ 

•I-rw,  Am.  I'hlJ.Koc.  xlv.  S51. 


"%_  XL  SntiiTn'R  mtellltc  system  prcsenU  two  sets  of  liBniionic  indications, 
^jC^w.ii's   mius   being  so   great   aa   to   ealalilish    an   independent  serieB   of 


Jopelus, 

u:Am 

1.000 

1.000 

Hyperion. 

iW-TM 

2.403 

2.897  = 

l  +  « 

RliM,  aphelion. 

8.747 

U.60» 

6.588 

l  +  4a 

DIcne. 

6.821 

.   9.438 

9.384 

l  +  6o 

Tethya. 

5.325 

12.087 

12.179 

I  +  8r< 

EnceladuB. 

4.300 

14,nOG 

14,1174 

I  +  10  a 

Hiniaa. 

8.351 

io.aoo 

Ift.166 

1  +  13« 

Japclns, 

64.359 

1.000 

1.000 

Titan, 

22.084 

2.ei4 

2  820  = 

1  +  6 

Itbeo. 

H.526 

6.750 

8.760 

1  +  3& 

Seuii -diameter, 

l.OOO 

64.850 

64.359 

1  +  33 

31.  Tht  Moon*  of  Vraimt. 

'^  lite  outer  moon  of  Jupiter,  the  giant  moon  of  Saturn,   and  the  inner 

moort  of  Vranus  are  (he  onus  which  give  the  most  direct  testimony  to  tlie 

^■^rrnonic  influence  of  plnnelAry  oaclllBtions.    The  primary  satelllle-har- 

'no*ij'  is  determined  by  the  Joint  inltucDce  of  Jupiter,  Earth  and  Sun,  in 

^^«  sysiems  of  Earth  and  Jupiter ;  Saturn,  Venus  and  Bun,  in  the  system 

'^^    ^tats;  Jup!t«r,    Satiim  and  Bun.   in  the  Satumian  system;  Jupiter, 

^itinuBand  Sun,  In  the  system  of  Uranus.    The  nucleal  centre  has,  there- 

^^r*i,  tnodifled  all  the  systems ;  the  centre  of  nebulosity,  all  but  the  systems 

"f  MaTB  and  Neptune ;  Iho  centre  of  planetary  inertia,  its  own  system  and 

that    of  Uars;  the  centre  of  condensation,  its  own  system  and  that  of 

''opitj^r.    Thn  influence  of  ench  planetary  radius  appears  in  iu  own  system; 

the  i  nfluence  of  the  radius  vector  also  appears,  except  In  the  case  of  Uars, 

tile  outer  planet  of  the  dense  bell,  which  shows  the  interaction  of  mean 

P'la  ^lary  inertU  in  the  outer  belt  and  internal  rupturing  tendencies  in  the 


r. 


-  beh. 


The  mean  rupturing  locus  of  Uranus  :  Jupiter's  mean  locus  of  sub- 
''''^Kave  :  i  Sun's  semidiamcter  :  Ariel's  semi-axis  mnjor. 
18.823  :  .^.437  ::  .0046(1  :  .00138. 
'^—      The  ointer  moon  of  the  Uranian  system  represents,  within  less  than 
cent.,  the  retarded  extremity  of  a  linear  pendulum,  of  which  the 


1*0 


ianex-   i 


n  represents  the  o 


e  of  oscillation.    The  harmonic  divisor  for 


"'•  g**iJ&coDd  moon,  as  In  Ihe  Jovian  system,  is  of  the  form  1  +  3  a.    Tho 

'""^^^aent  differences  are  multiples  of  5.  the  range  between  1  +  8  o  and 

■^     %  S7  d  being  5'  «.     The  harmonic  details  are  shown  in  tho  following 


DIttnncc. 

Dlvlfmm. 

Harmon  1 

DlVlKn 

Ober«n. 

32.75 

1.000 

1.000 

TiWnia. 

17.01 

1.337 

1.848  = 

:=l  +  9a 

Umlffiel, 

10,37 

2.1U4 

2.199 

l  +  7<< 

Ariel, 

7.44 

3.0.58 

8.0.55 

1  +  ia 

8«ni-diameicr. 

1-00 

22.750 

22.7.10 

1  +  13 

■13.  Neptuiu't  Moon. 

Is  Neplune  the  outer  limit  of  our  planetary  system,  or  may  wr  look 
Btill  more  disUint  members  of  out  fmnily  of  circling  orl)gT  Asirouoa 
find  mdicalionKofsitine  Tartlier  source  of  remote  pcrturbKtiun,  waA  alteini 
liikvo  already  been  made  by  Prof.  Oeorge  Forbea  aod  D.  P,  Todd  lonimi 
a  clue  to  its  discovery.  More  than  el^hl  yedra  ago,  I  comtnmiimtad  l«  tt 
American  Philosophical  Society*  a  planetary  geriea  witlch  introdoc«d  IJ 
ratio  of  the  circumferencu  of  a  circle  to  ila  d  tain  cut,  which  ie  alsu  tl 
photodynamic  ratio,  at  Sun's  surface,  between  the  reartiona  wiiich  r 
eent  llie  velocity  of  light  and  the  reactioua  wlitch  re|ire9i?DL  the  RMxitUin 
of  planetary  velocity  at  Laplace's  limit.  Tlte  two  tertna  of  the  • 
which  immediately  follow  Neptune  ai'e  fl4,8H  and  3QB.02  limes  KuUi^ 
semi-axis  major.  Forbes,  hy  investigating  the  perturbations  vrbicb  • 
indicated  by  the  aphclia  of  cornels,  lias  sirikingly  corroborated  lliis  furiii 
The  abstract  of  his  memoir  read  belore  the  Rnyal  Society  t>t  Edlnbufgl 
sayef:  "On  tabulating  the  aphelion  dislancM  of  all  tlie  knowii  ullipi 
orbltB  of  comets,  it  was  Ciund  that  in  no  cusc  was  there  any  grau|iliig  tf 
aphelion  comet  disiances  which  did  not  agree  with  the  distances  of  pi 
except  that  beyond  the  distance  of  Neptune  there  were  two  grouplagil 
comet  apheiloD-dlslances,  one  at  100  Earth's  radii,  the  Other  at  900  BuUl' 
radii,  approximately."  The  perihelion  or  rupturing  poeitiuns  which  « 
indicated  by  his  investigationa  are  9(1.7  and  285.3. 

Both  of  these  iuvestigatious  were  entirely  independent  of  my  o» 
neither  of  the  writers  gives  any  indication  of  ever  having  read  my 
There  is,  therefore,  cumulative  and  conclusive  evidence  of  harmuni 
ODces,  beyond  llie  known  limits  of  the  planetary  system  as  well  as  NM«n 
the  interior  limits  of  the  system  and  the  Sun.     The  similarity  of  tlxxe  il 
fluenccB,  their  detvendence  upon  photodynamic  action,  and  their  ii 
as  guides  to  investigation,  are  shown  in  the  following  note  <33). 

Neptune's  satellite-harmony  is  the  only  one  which  involves  tl 
eration  of  only  two  of  the  members  of  the  system.  Sun  and  itself. 
fact,  as  well  as  the  sl'.ght  secular  ecceotriciiy  of  Neptune's  orbit,  • 
to  render  it  probable  that  the  supra- Neptunian  harmonies  may  ind 
Hsieroidat  rather  than  planetary  aggregation.    If  Neptune  repreaenls  tl 
primitive  belt  of  subsidence- collision,   the  corresponding  nebular  radi 
was  J  X  its  secular  aphelion  radius- vector,  or  45.704  x  Eanh's  Kma-K 
major.    We  find,  accordingly,  tluit, 

I.  Sun's  mass  :  Neptune's  mass  :  :  Nebular  radius  :  Neptnae'a  lu 
radius- vecuir. 

19880  : 1  :  :  45. 7M  :  .00338. 

n.  Bun's  senii'diameter  :  Neptune's  lunar  radius  :  :  Modulus  uT  light 
virtual  projection  of  lighi-velocity,  very  noarlg;  i.  »..  within  1.3 
.004WJ :  .002^6  : :  1  :  .S0«5. 
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83.  tnfra-Meretirial  Phvtodynamie  Nodes. 

□ri^oal  anticipalioo*  of  harmonic  nodes  between  Mercury  and 
Ifie  Sun.  I  looked  for  posgtble  unknown  planets,  planetoid  groups,  or  otiier 
BCttta  "orBOlarnndplaneiary  penurbaKon."  The  announcement f  to  the 
Ro;fal  SociEly,  seven  weeks  afterward,  of  a  sun-spot  period  which  W8» 
■ynchronous  with  the  revolution  of  the  first  infra- Mercurial  node,  fumiabed 
conclusive  evidence  ol  the  predicted  perturbations ;  the  obeervstion  of  aup- 
poeed  planetoid  bodies,  by  Wattion  and  Swift,  rendered  it  proiiable  that 
Mine  of  the  perturlmlion  ia  due  to  actual  planetoid  InSuencea  ;  the  discus- 
•ions  of  planetoiit  Bun^apots,  by  Kirkwood,  Mouchei,  Onlllot,  and  Von 
Oppolzer,  indicated  four  additional  periods  {  in  close  accordance  with  four 
other  harniunic;  nodes  ;  a  sixth  node  (.139)  marks  the  locus  (.140)  of  orbital 
timi-,  which  is  a  mean  proportion  between  Enrtb's  day  and  year  ;  the  six 
inner  nodes  liave  important  pliotodynamic  telotions  which  merit  special 
const  deration. 

The  eft  ci'dq,  and  coneequenlly  the  modulus  of  the  velocity  of  any  re- 
volving particle,  varies  inversely  as  the  radius  vector.  Hence,  the  plioto- 
dynamic modulus  of  aggregating  velocity  (M^)  :  modnlus  of  reacting  mass 
(M  )  :  :  radius  of  reacting  mass  (r^^)  :  radius  of  aggregating  velocity  C^). 
Ttt«qiiotient  of  modulueby  the radiusof  rotation  isequivalent  to  (r-  r)',  y  iju' 
ing  the  quotient  of  I'ffr  by  the  velocity  of  rotation.  The  controlling  liodlea 
of  the  system  are  Sun  and  Jupiier.  and  if  we  lake  Jupiter's  mass  as  the  re- 
volving unit  of  mitfs,  Sun,  llie  reacting  mass,  will  be  represented  by 
1047.879.     If  n  designates  the  quotient  of  Eortb's  semi-axis  major  by  Sun's 
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.873)';  y  =  688.873 


b)"-- 


<  1047.870)'. 


Ifft^ 


119.28:  r^^M_^-M^  = 
33.84  :  lite  lime  of  revolution  at  Sun's  surface  (fg)  =  31558140  sec.  -i-  314.S^ 
:=  tfl043.S  Kc;  the  time  of  solar  half- rotation,  or  lUe  time  in  which  gravi- 

Uting  reaction  (  ^  }  "Eb'^bi  pliotodynamic  acUon  equals  Ihe  velocity  of 

light,  ((^}  =:  2  fg  =  12.747  days;  r^  is  the  locos  which  I  have  designated 
aa  IIeIios,g  or  the  distance  at  which  a  planet  would  revolve  in  t^.  This 
gtvce,  forihefundKnfntalradiusof  my  harmonic  forecasts.  3.5184  x  Earth's 
•Mni'aiis  major,  which  exceeds  Jupiter's  mean  locus  of  subsidence  col- 
V^tM  I J  of  G.2038)  by  less  than  1.3  per  cent.  The  closeness  of  the  in- 
depcodeni  verlQcations,  by  various  observers,  is  sliown  in  the  following 
Ubie: 


■Proo.  Am.Pbll.aocxlLI.ZtS;  J 
f  Proc.  Am.  Phil.  Hoc,  xUI.  -TTO. 
;(b.  XTlll,»,VOO. 
jproc  Am.  rhil.  Soc..  ivtn.aa. 
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Ilarmanic  Prediction. 

on 

i  = 

=  8.518 

Node  of  BubsWence,           3,5ta 

i 

.703 

Venus,  mean  petihclbn, 

68g 

i 

.390 

Mercury. 

»»7 

A 

.270 

Dc  LaRuc,  B.  and  L., 

aeT 

A 

.307 

Kirkwood. 

SOU 

A 

.18S 

Galliot,  (Wfitaon.  II) 

ISO 

A 

.167 

Gaillol&M..{W»l*on.  1) 

1(M 

Vs 

.141 

Chasp. 

140 

A 

.121 

Von  Oppolier, 

las 

r.  TheatstoftheswiDQW 

nodes,  » r,  =  23.84  Sim'asemi- 

liAnietvr^ 

nearly  =  ^ 

Ni>de  of  subsidence 

=  .1063  Eiirib*B  Miiu.uia 

nujor.    Tl 

others  are  found  aa  follows : 

II.  1  ^  366.2565^ 

=  .0195       Earth's  BcuiiB 

xU  nuOor. 

III.  (S'5 

"  20'.5  -i-  1  year 

)? 

=  .0109 

■■ 

IV.  2*  - 

314.S 

=  .0074               ■■ 

■C^ 


VI.   1  -^  314.5 


h  214.5  =.0057  "  " 

= .0047 

All  of  those  nodes  represent  Bynclironous  osciltdlioins  which  u«  i 
mutual  actions  and  reactioriE  among  Uie  three  iinport&nt  centres  of  B 
tlot;  (Sun),  condensation  (Earth),  and  nebiilositj'  (Jupiter).  While  1^ 
are  all,  unquestionably,  radiodynaniic,  tlielr  simple  dependence  uiwia  ikt 
equality  between  Bun's  nascent  velocity  and  the  velocity  of  light  ubThMalf 
refers  thcni  to  the  photodynamic  branch  of  rod iodyn amies.  Can  sny  pnl 
reasons  lie  given  fbr  regarding  ihem  as  in  any  sense  thermndynoniie  a 
electrodynamic? 

The  accordance  of  these  sis  Inner  nodes  of  synchronism  iriUi  the  iu- 
monic  nudes.  Is  shown  in  the  following  table : 

Harmonic  nodes.        Synolironoiu  nodi 
I. 
II. 


.V  = 

.1005 

.1069 

Velocity  of  light. 

th 

.0109 

.0195 

Earth's  day. 

j'h 

.0109 

.0109 

Jupiter's  day. 

th 

.0078 

.0074 

Two  n-volutions  at 

zh 

.0058 

.0057 

Solar  subsidence. 

rJf 

.0047 

.0047 

Sun's  acmi-dianieler. 

VI. 

84.   Photodgnajnie  Projretion  of  Uydroge-n. 
The  principles  which  HreinvoWed  in  Note  16  and  in  theflrst  tynchnikMii 
node  of  the  foregoing  note,  are  ftirtlier  illustrated  by  the  siraple  reUtiM* 
which  ibe  molecular  velocity  of  hydrogen  bears  to  the  velocity  of  n 
'     ~  le  velocity  of  equatorial  solnr  rotation  (d,),  and  Earth's  seculw  en 
The  reociioQ  of  graviuition  against  photodynamic  aciioii.  ■(  il* 
■  of  any  stellar  sysicm,  requires  that 

Modulus  of  light  :  Stellar  semi  circumference  : 


{Chue. 

Tlio  projectiou*  of  hyijrogen  in  solar  exploBions.  together  with  llie  tUBoy 
iadicatioiiB  that  hydrogen  represents  the  firat  known  stage  of  a.'therca1  cnn- 

densaUon,  make  it  probable  that  Earth's  orbital  projection  ip  =:  .  ^^~,). 
ftad  the  molecular  velocity  of  hydrogen  (djl  may  also  be  directly  dependent 
upon  phoiodynamic  actiou.    8u<:li  dependence  is  aliown  by  tlie  equation 

P  »h  =  P,. 

1.03W 
The  secular  valne  of  p,  according  to  Stock  well,  is  -qq^  =  1.0GM4;nio. 

lecular  velocity  of  hydrogen  c^,  al  llie  temperature  of  maximum  water- 

'377 
denaily.ia-yig^  X  6050  =  6004.14  ft.  =  I.lS42  miles;  hence  »„   or  Sun's 

eqaatorial  velocity  of  rotation,  1.06994  x  t.Vii2  =  1.280mileB.  Multiply- 
ing by  llie  number  of  seconds  in  12.747  days  ((,,  see  foregoing  note)  and 
dividing  by  t.  wb  gel  4fti,B81  miles  for  Sun"B  semi-di»me»er.  and  314.5  X 
432,BSi  —  B2.8«3,700  miles  for  Earth's  semi  axis  major.  These  relations, 
aiao,  are  pholodynamically  radiodynamic,  but  it  would  be  difficult  to  And 
in  them  any  evidence  of  thermodynamic  or  electrodynamic  action. 

3S.  jElhertal,  Qm60ui  and  Planetary  BtmiliM. 

I  have  already  given  two  appivsi  mat  ions*  to  the  corapitralive  icthercal 
ntio  of  etasticitf  to  density,  and  one  iipproximation|  to  tlie  relative  clenai- 
tlea  of  ffitber  and  hydrogen.  The  accumulating  evidences  of  universal 
pliotodynamic  energy,  leading  to  various  accordant  sthereal,  gaseous  and 
oosmical  hsrmonies,  are  such  as  to  Justify  another  tentative  step  in  tbe 
wune  direction.  From  chemical  analogy  the  planetary  aggregations,  at 
the  centres  of  nebulosity  (;ij)  and  of  density  (;i,),  may  well  be  presumed  to 
^ve  indications  of  the  comparative  energies  of  condensed  and  of  uncon- 
densed  aether.  We  may,  therefore,  hypoihetically  assume  that 
uj  :  /ii : :  Projectile  gaseous  vU  visa  :  .£thereai  niV  vita. 

The  quotient  of  Sun's  mass  (;j^)  by  Earth's  mais  (u,),  which  is  Indtcaled 
by  the  foregoing  note,  is  833,613.  This  gives,  for  the  quotient  of  Jupiter's 
miw  W  by  ;„.  817.410,  and  for  the  velocity  ofligbt.  180.588  miles.  Sub- 
stituting these  values  in  the  aliove  propiirtiun.  and  deelgnaling  the  densities 
of  Kther  and  of  hydrogen  by  3^  and  St,,  we  get 

317.418  _  J„         /  1.235  V' 


7.242, 500, 000, 0( 


Tills  exceeds  the  ratio  whlcli  was  deduced  from  lEthercnl  and  grBvitaling 
InteiKCiiout  by  a  little  more  than  six  per  cent.     But  in  that  approximation 
tlie  r»ctor  of  letreslrial  projeclion,  p  =  1.08i)B4,  was  omitted-    If  we  Intro- 
dace  this  factor  and  increase  our  estimate  of  Earth's  density  about  j  of 
•  Free  Am.  Phil 


.e.l 


370 


[April 


one  percent,,  tbe  accordance  botween  the  two  iodepandent  ftp)iroxinutl4a 

will  be  e»acL    If  the  athereal  density  townrds  the  centre  of  dcnuity  r 
iuTorgely  as  the  square  oT  the  dUtaDce  from  Sun,  the  rntio  ai   Eanhl 
orbital  distance  should  lie  333,980,000,000,000.000,  representing  about  H 
nDtlahnlftimesllie  tcthereal  density  which  Sir  William  Thomson  glveatl 
Ilia  lowest  eslimate. 

86.   Tht  Sxptjimentam  OrueU. 
Al  the  meeting  of  the  American  Philosophical  Society  in  which 
Bear;  Draper  announced  his  discovery  of  oxygen  in  tlie  Sun,  he  pi 
that  I  should  teat  my  theory  of  tiarmonic  oMhcreal  action  by 
tion  of  the  solar  spectrum.     I  accordingly  sent  a  noie  to  the  Society,  on  tl 
23d  of  August,  1877,*  In  which  I  showed  that  Ihe  WBTe-1en)>tba  of  Dtc 
the  Fraunhofer  lines  were  in  harmonic  progressioa,  and  tlmt  Ibur  of  Ihe 
were  also  figurately  ImrmoDic,  viz  : 

Linei.      Wave-lengtlia.  Drvisora.  Httnii 

A  761.30  1,0000 

B  687.49  1.1071  =  1+   7  x -0153 

D,  5811.74  1.2007  =  1  +  18  x  .0153  589. l 

F  48e.B3  1.5661  =  1  +  87  x  ,01(S3  480.C 

H,  3Q3.50  1.9833  =  1 +  61  X  .0153  363.7 

The  cwmical  imporlAnce  of  these  harmonies  is  shown  by  their 
to  the  projectile  energies  of  Sun  (.|^)  and  Jupiter  {/i,).  as  mensured  liy  llM 
product  of  thetr  respective  masses  hy  ihcir  perihelion  vector-radii.    I 

I  showed,  moreover,  that  ilie  combined  photodynamic  InRuenM  of  I 
centres  of  nucleationandof  nebulusitj,  [i^  and  n^,  is  Iraceablo  in  the  rona 
ing  Fraunbofer  and  other  subordinate  lines,  vie  : 


lie  QaMlmiM 

7Bl.a« 

087.56 


Vdve-lengtbi. 
6,'i6.67 
634.00 
550,70 


1,1-530  = 


517.70 


431.03 


efi0.iB 

634,99 
550. 6U 
sa7.8fl 

nift.ai 

4G9.13 
431.37 


1  +  10  X  .0153 
1.1089  =  1  +  13  X  .0153 
1.383.5  =  1  +  25  X  .0153 
1.4487  =  1  +S»  X  .0153 
1.4743  =  1  +  81  X  .0153 
1.0570  =  1  +43  X  .0153 
1.7650  =  1  +50  X  .0163 
The  influence  of  the  peDdulum-faotiir  is  shown  In  the  tendencyl 

ences  among  the  harmonic  divisors,  which  are  multiples  of  3  x  .0151 

sub-mulUples  of  2'  x  3  x  .0153. 

37.  SupTa-TtUiLTic  j^hertal  and  OotmUal  So<te*. 

The  crucial  demonstmiion  of  the  law  of  harmonic  oscniolloil.  Is  i 

KtheresI  medium  as  well  aa  in  the  bodies  whicli  are  wblrllng  in  Its  addl 

•Proc.  xvll,  I0»-I2. 
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gure  condUBivo  evidence  of  Uie  imporMDce,  in  ull  pbysicttl  invesligkliona, 
of  studying  elastic  reactioD  as  well  m  centripetal  or  centrifugal  action. 
An  important  fact,  in  connection  willi  sucli  tsomparative  sluily,  in  the  VNria- 
tioD  ofclaatic  density  in  inverse  geonielrioJ  ratio,  when  distance  varies  in 
arillitneUcal  ratio.  We  mny,  llierefore,  look  for  exponential  harmonic 
relations  between  planetary  positiona,  of  a  character  iinalogoiis  to  the  simple 
litUHkOnic  relalioUB  lietween  wave  lengtlis.  Lei  k^  represunt  [he  kinetic 
projectile  ratio  of  Neplime,  Bun's  semi -diameter  lielng  ihc  unit;  kg.  the 
mnui  projeclilc  ratio  of  the  nebular  centre  of  planetary  inertiH  ;  k.  the  pro- 
jectile mlii)  of  the  centre  of  &plierical  gyration  of  the  centre  of  condenu- 
lloa  ;  Jij,  Xgi  etc.,  the  corresponding  wave-tengths  ;  Ci,  the  ratio  of  orbital 
time  ;  ty  the  ratio  of  photodynamic  time  ;  v^,,  orbital  velocity  at  tbe  rup- 
inrlng  toctis  of  mean  planetary  inertia ;  Vx.  orbital  velocity  at  the  snb~ 
•idence  locus  of  mean  planetary  inertia ;  n,  tlia  qnoiient  of  EiLTlh's  semi- 
alifl  ni^or  by  Sun's  semi-diameler.     Then  we  have : 

I  log.  i^  :  log.  k^::  i^:  Xg (1) 

^H  log.   fc,  ;  log.  k^  ::  i^  :  i^ (3) 

^B  if,.  l^r.fP.i' (3) 

^y  (.,  0* (4, 

I-  'These  four  pmporiione  furnish  data  for  estimating  the  four  pholodyuaniic 
valne*  which  areleast  known,  by  substituting  tliesix  which  are  best  known. 
In  eqoHtion  (1).  Ihoostimatesof  A^  range  between  30. 0£t4  nfStockwelt)  and 
80.070  a  (Nuwcomli).  'he  estimateH  of  n  varying  from  214.3  lo  214,9.  As 
the  uncerlainty  of  n  is  the  greater,  I  adopt  it  as  one  of  the  four  unknown 
qtwulilies,  and  use  Leverrier'B  in  termedialeroefflcient,  30.007.  ForJ„  I  take 
Ibo  wave-length  of  the  Fraunbofer  line  A,  T012  ten  millionlbs  of  a  mitii' 
ine4«r.  In  equation  (2),  in  the  icihereal  spiiero  of  which  tbe  centre  of  con- 
denwlivn  is  the  nucleus,  the  mean  projection  of  spherical  gyration  Is  repre- 
•oBtrd  by  .4  n,  and  the  radius  of  solar  reaction  (k^)  by  .6  b.  In  etiualion 
(3),  Ibe  DUmbera  ^  and  4  are  linear  representatives  of  the  exponential  radii 
of  BynchronoDs  nncleal  and  atmospheric  nebular  variation ;  'i'  is  the  pen- 
dulum ratio  of  varying  central  force;  4'  Is  the  ratio  of  variation  in  tbe  cen- 
tripetnt  energy  of  nodal  collisions  in  paraboloidnl  aggregation.  Id  equa- 
tion (■*),  Ix  =(30.1137  n)'  ;  f^  ;=  the  solar  modulus  of  light  divided  by  Sun's 
(         81558 I4U        \' 

(  f--^ — )  .  I  being  the  maximum  secular  eccentricity  of  the  planetary 
tggrve^lion  (Saturn  I  at  the  sebular  cenire  of  planetary  inertia.  Making 
1^  aubstitntions^  we  gci, 

I  log.  30.037  »  :  log.  k.  ::  7BI3 -.  I,, (1), 

^log.  80.087  »  ;  log.  .if  n  ; :  7013  :  /^ (2), 

0.037  n)*  :  101790260 -^  n::(l  +  «)*  :  d  — ')* H), 
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Solving  tlis  proportions,  we  Hnd  llie  Tollowing  Kcnidsnre*  ; 

rbeorBllcnl.  Obaprvcrj.  Kktloof  OIIRvei 

Ttrll.  Nam.  AlmAnac  D  otatt^putt 

Siockwell.  I      ■■  " 

Lockyer,  t"*    "  '** 

Lockycr,  ^,    " 

,::(1.0852)*;(.8L«)*:;{1.I863(*  :  I 
k^  =  euiA 
k  =    13H.67 


814. 4S 

au.4j 

1. 1803 

1,1843 

i48.eo 

118.18 

4215.SR 

42115,00 

K,f,n-,,t,; 


:«,.' 


Thesam 

principlcR  lire  fiirrher  illnsin»te< 

in  ilif  lotlowlagcon 

pUftlll 

Ubie : 

lU 

ExponeiiLa  and  Dtvl»orE<. 

Houla.    Obiiervctl 

li.io 

IIbhU,  ob<<firfi 

I.O-IOO 

6441.4 

fl441,4 

NeplUDE, 

76ia 

7618  J 

1.0635S  = 

1  +    1  X  .01.18 

4185.1 

4113.11 

Uranus. 

7235 

7]«t 

1.1071 

1  -1-    7  X  .0153 

37E7.7 

3743.8 

■■     '  c.  a. 

6876 

687SB 

1.1580 

1  -^  10  X  .0153 

3011.8 

S045.6 

Saturn, 

00O9 

Kmd 

i.iess 

1  +  IB  X  .0158 

1503.5 

1510,7 

QeoiH.  meal 

.   684» 

6840 

1.344fl 

1  +  18  X  .0163 

1148.0 

1115.7 

Jupiter, 

GS.*!? 

tsm 

1.3007 

1  +  t»  X  .oiss 

808.8 

883.0 

*     " 

5898 

S89T0 

1.3»i|i> 

t  +  33  X  .0153 

707.6 

707.6 

®  e 

fiG05 

MIT 

l,3a2S 

1  +  35  X  .0153 

5(111  I 

569.8 

0 

5506 

fistn 

1.4284 

1  +  28  X  .0153 

464.1 

457,  a 

e 

6339 

SSML 

1.4743 

1  +  31  X  .0133 

383,4 

383.3) 

S163 

5inh 

1.5202 

1  +  34  X  .0153 

aao.s 

.m» 

Mars. 

5007 

soil 

l.WtCl 

1  +  87  X  ,0153 

370.5 

370.8 

4800 

4a»r 

Tlje  "Qxponents  and  divisors"  are  lerms  of  HDarithmutical  progrcMloii 
BB  was  sliown  in  tlie  foregoing  note,  the  common  difference  (,0158 ;  8«(i 
36)  representinj;  a  d iffe re nlial action  ofSunand  Jupiter,  titc  two conirolla 
m&ssce  of  Ibe  HyBiem,  Tliereforo,  all  tiie  roots  wliicli  are  obt»ineil  (Iw 
6441.4  hy  using  the  series  as  exponentlai  denominators,  arc  iiannonUtmal 
and  ali  llic  quolientg  wliicb  are  obtnined  lh>m7U13,lif  using 
visors,  arc  barmonic  quotients.  The  "  observed  "  roots  reprtutcut  the  mW 
planetary  distances,  if  n^ 314.45  ;  the  "observed"  wavc-1oDgIliaiu«|ill! 
bj  Oibbe.  in  tbe  AuieriOLU  Journal  of  tklencc,*'  eicept  a,  which  U  iBUI 
polatcd  from  Angstrom's  table.  It  ts,  therefore,  evident  that  tlie  esun 
planetary  positions  and  Ibe  raoal  prominent  spectnLl  lines  are  inih  loll 
enced  by  the  same  harmonic  oscillations  In  the  rctbcr,  nioiliflcil  by  Uic  IM 
of  density  In  the  planetary  nodes,  and  by  the  law  of  simple  dislBncelfl  lb 
excursions  of  wave.lengMis. 

Harmonic  inlluencc  is  also  shown  in  tbe  roots  which  cornsponil  t 
Uraous'a  linear  centre  of  oscitlaiion,  the  geometrical  mean  betwcMlH 
•  [1]  itiii.t. 
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centres  of  nebuIosUy  and  of  nebular  plaDctnr;  incrliii,  t  <^i  Jnpiier,  Lhe 
mean  distence  of  asteroids  '.67  and  IBS,  nsieroid  BS  and  asteroid  149.  The 
ftiur  roots  between  803.0  and  404. 1  are  nil  asl^roidul,  tlie  centre  of  asteroidal 
density  beioj;  reprosented  by  56!l.l.  Newcomb  gives  the  mean  distances  of 
ITS  OBleroids,  of  wbicii  104  nrc  at  mean  distances  ranging  between  500  and 
fi94.  The  curve  of  frequency  has  a  maxinuim  at  GOB :  tlie  menn  distance  of 
the  four  chief  asteroids  in  point  of  magnitude,  Ceres,  Jtino,  Pallas  and 
TeMa,  is  GST  ;  the  mean  distance  of  the  Ave  nhicli  include  llie  maximtun 
and  are  limited  by  equal  ordinntesof  frequency,  is  509.1.  Tlie  meftn  dis- 
lancc  of  MnrB  is  an  arithmetical  moan  between  S88.3  and  2T0,3.  wbicb  cor- 
respond very  nearly  with  the  secular  apsides. 

38,  JFndei  in  iht  Denet  Belt. 
In  my  harmonic  anticipation  of  intra- Mercurial  planets,*  t  showed 
tbat  tbe  controlling  influence  of  Jupiter  Is  modiAed  by  the  nodal  influences 
ftt  the  centre  of.  the  dense  belt.  Tliis  modlflcalion  Is  also  shown,  and  per- 
baps  roiire  stritcingly,  in  the  relations  between  the  ictliereal  and  cosmlcal 
nodes  within  the  belt,  If  we  begin  with  Mars,  at  the  outer  limit  of  the 
(leoMi  hell,  and  talte  succesalve  incremcnla  of  Y  X  0153,  we  find  the  follow- 
ing accordances : 

UnrmoDle  UArmonlu 

tClponeiilsnnilDlvlsota.        Roots.  Obaerveil.  Quotients.  ObaervMI. 

1,0203=1  + -V-X  .0153    320.3    838.8    Mart",  5(X1T       5011 

I.«*SO      1   I-  -V-  X  -0153    213.8    314.4    Earlli,  4656       4eTl 

1.749T  1  -t- -V- X  .0153  150.3  149.T  Venus,  m.  p.,  4350  43100. 
I.8ft44  I+41X.OI53  110.4  n0.T  ■■  l.co..  4083  39T3  H. 
1.S7B3       I  +  iji  X  .0158      84.0      88.0    Mercury.  3848 

4.M3»       1  +  ifL  X  .0158      65.0      65.9  "         p.,       3635 

3.2087        I  +  4»  X  .0153      53.0      5B.3  "     1.  c-o.,   3446 

The  infra-Telluric  loci  which  represent  the  harmonic  roots  are  Venui's 
menu  periliclion  ;  Venus's  linear  cenire  of  oscillation  of  incipient  subsi- 
dence, or  of  secular  aphelion  ;  Mercury,  semi-aiis  major  ;  Mercury,  peri- 
helion ;  Mercury,  linear  centre  of  oscillalioo.  A.I1  of  the  harm(tnic  rools, 
both  Bupra-asieroidal  and  infra-asternidal,  correspond  preeiulg  with  plane- 
ury  loci,  and  very  ntarl}/  with  apsldal  or  mean  positions.  All  the  harmonic 
quotients  represent  regions  of  spectral  interference,  and  correspond  very 
BC»rly  with  the  mean  positions  of  important  spectral  lines,  The  numer- 
Mia  evidences  which  have  Iwen  adduced  of  the  influence  of  planetary  dis- 
lUf  bancea  upon  l^un  spots,  together  with  Lockyer's  explanation  of  the  spots 
by  "the  approach  or  retreat  of  vapor,"  seem  to  justify  a  careful  and  sys- 
mnatlc  study  of  the  variations  In  the  position  and  brendlh  of  spectral 
Ibiea,  such  as  I  recommended  in  my  note  of  August  33,  18T7.t  By  obser- 
vations at  diflerenl  hours  of  the  day,  it  would  soon  b«  found  whether  there 
is  nay  systematic  daily  vaHaiion  ;  three  months  would  sufflce  for  approxi- 

•Proc  Am.  Phil.  Sfoo.,  »lli,  ».T-B. 


niately  estimating  llic  diatarbing  ial 
planetary  regions  of  the  spectrum  i 
C  line  to  Biturn  and  to  tiydrageo  i 
esUng. 


The  valaesof/jand  A^  (Note  37)  si 
witli  letliereitl  and  cosmicul  nobles. 

Harmon  IcB. 


inc«  of  Mercury  ;  iiud  in  a  year  all  ik 
hi  lie  studied.  The  rolatinns  of  th 
',  perhaps,  lie  round  !i|>erhilly 


I  Lochycr's  I  is*  ic  Ilea 


c  Line* 


4'  X  /o  =  481i5.6 

{V  +  V)x.  U  =  ■'i032.4 

,4'  +  T'-f  8^  X  ^  =  5170.6 

(4'  +  T  +  3'  +  3")  X  i,  ^  5236.5 

(4<+e')  X  ^  =  5369.4 

(4'-|-8'  +  8')x^  =  5417.8 

4'  X  P  X  i,  =  6086.8 

Tlie  thinl  and  fifth  "basic  lines"  are  iloubli 

third,  b^  b, ;  for  tlie  fiah,  0368,  5900.    Gibhs  gircs  61T7  for  ibe  lengthol 

Ibe  ft  Hof ;  Angstrom's  table  gives  5167.  6164,  for  4,.  6,.     The 

according  to  Oibbs'  meosurcmeDts,  is  SITO.    The  three  hydrogen  Bdm 

(I,  3,  /;  correspond  nearly  with  the  Fraunhofer  lines,  C,  F,  and  O,  In 

Angstrom  makes  the  wave-length  of  the   ^  line  4340.     The  llirca  lin 

raarl>eexprpMedby4'  x  5"  X  4=8580.8;  (4- +  5  x  a*)  X  ^  =  I87&' 

(4-  +  &■)  X  4  =  4346.7. 

40,  diemieal  Spc^lra. 


533.1 
S360 
SilB 
0567 
Lockyer  give*  Rir  IM 


Soon  after  my  un  noun  cement  of  tbe  accordance  bet 
manic  wave-lengths  in  ilic  solar  Bjiectrum  and  Ibc  exponential  harmmie 
loci  in  the  solar  system.  I  sUowed  *  that  the  law  o(  harmonic  vibrailoa 
extends  to  Ibc  spectra  of  chemical  elements.    The  TuHowing 
are  especially  interesting  in  relation  to  the  basic  lines: 

Norinul  DlITBreuous.  Ub*i?rv«(t. 

64:8.0+    2^  =  5460.e  S4SS.0    5461.3 

4390.7  +    0  4  =  6378.7 

4.599.8  +  13  ^  ^  4796.9 

5805.3+    fiA„  =  .5453.6 

5393.7  +  30  i,  =  6788.7 

Ab.,  538S.6  +  61  ^,  =  8171.7 

67S7.3+  30^  =  6116.6 

Zn.,  4738.3  +  84  i„  =  8106.4 

III06.4  +  16  i,  =  6389.B 

The  tendency  to  composite  and  pciidulam  multiples  o(  the  DuidawMl 

line  i«  also  shown  here;  a,  2x8,  2' x  3.  S",  a  x  3  xS,  8x  (S'  +  1).»X 

a*  X  8  X  7,  3*.    The  Arsenic  line.  5383.8.  is  3'  X  8'  x  ^ ;  in  ib»  h 


Hg., 

Ph., 


Rh.,  Ir, 
Cu.. 


4390.7  5377.1 

4699.8  47V4.S 
631^.3  54.M.4 
53a3.0  3788.7 
6385.5  6175.4 
5787.3  0110.7 
47i3.5  61O0.4 
n  100.4  0869.9 


e  giveii,  llie  differences  ata 


copper  l[neB  whicL  precede  the  two  wiiicli  1  li 
t  of  30  J,  ami  ?of;tO;„. 

41.    The  Corona  Line. 
In  the  communication*  wliicli  led  to  my  spectroscopic  InvesligittloDB, 
Dr.  Draper  aaiici pitted  the  iirobahilit}' of  finding  n  key  to  "the  1474  E  or 
corona  line."    The  following  accordances  may  help  towards  a  solution  of 
tUe  layaiery.    The  numbers  in  the  right-hantl  column  a 
meals  by  Gibbs : 


^ 


Geometric  Wave- lengths. 
4311.8  X  l.Oaa^"  =  85(17.8 
4811.8  X  1.0305^   =S33L7 

4811.8  X  1.0308'   =4^83.8 

4311.9  X  1.0305"  =4311.9 


OliBerved  Wave-lengtlis. 
C    0566.7 
1474  K     S322.0 


I  have  sliownt  that  the  harmonic  densities  of  C  and  Q  are  pbotodynaml- 
cally  represented  by  the  loci  of  Saturn  and  Teniis.    The  corona  line  is  a 


1  proportional  between  C  and  Q.    The  cxpooeDtial  ratio  of 


Is  the  same  us  the  ratio  of  the  mean  moment  of  Inertia  of  spherical  roiation 

1474  K      P 
lo  tlie  moment  of  BU|>erflciaI  equatorial  rotaiion.    The  ratio  of  ~p~  lo  q 

Is  tlie  same  as  the  ratio  of  variaLioD  in  an  expanding  or  contracting  nucleal 
raditiB  lo  the  atmospheric  radius. 

43,   The  Hgdrogen  Linri. 
kycr  givea  (bur  hydrogen  lines,  C,    P.  j-,  h.    The  corresponding 
rtric  wave-lengths  give  the  enuutions,  Ph'  ^^  y';  F"  ::^  C'h'. 

Uor»iDetrle  Wave- lengths. 

4090.5  X  1.01435"  =  65(10.3 

4099,5  X  1-0143,5"  =  48(13.9 

4O09.ri  X  1.01435'  =4339.9 

4099.5  X  1.01435"  =4099.5 


Loc 
I^BgOtW 


Aiigntrom'*  W&ve-1en«lhi. 
C    6561.8 
F    4860.B 
,-    4340. 
b    4101.S 

The  most  prominent  line  in  the  hydrogen  spectrum,  and  the  only  one  in 
some  cases,  is  F,  which,  as  I  have  ahown,  is  geometrically  connected  with 
tJie  corona  line  and  with  impurlant  iiosmical  Dodes. 

43.    ThTte  Order*  of  Spectra. 

The  two  loregoing  notes  introduce  a  new  order  of  spectra  which  seeina 
to  be  of  n  more  elementary  character  than  either  of  the  two  which  I  bare 
previnnaly  considered.  The  geometrical  progression  of  wave  lengllia  sug- 
geeia  n  repctitjon  of  impulse,  while  the  absence  of  some  of  the  terms  of  the 
progression  indicates  a  want  of  complete  homogeneity. 

The  second  order  is  that  of  the  basic  lines,  which  consists  of  a  com'iina- 


t 
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tloQ  of  aritlimBticBl  repetitions  of  a  fuodameiiliLl  wavo-luagtb.  wbleb 
barmonic&lty  related  to  coBmicnl  nodes. 

Tlie  tliird  order  is  tbe  one  wLicb  Aral  allrncicd  my  attention,' 
of  groups  of  wave  leogihs  wbicb  are  in  lianuoiiic  ineteml  of  geomeirlc 
gression,  and  indicating,  like  tlie  Drst  order,  n  wimt  of  com|ilet« 
ge  nelly. 

Tliese  tlireo  orders  are  variously  blended  in  the  agHietrk  of  so'called' 
chemical  elements.     The  characlcr  of  the  blending  may,  i«rlm|B,  Mrvi 
»  guide  towards  the  resolution  of  llio  spectra  into  simpler  cnnatittienu. 

44.   ^tfUT,  Corona,  Ilydrogta. 


1  to  the  Society,  on  the  18th  of  Deccnvber.  I8AS. 
showed  Ihat  there  is  some  ekstic  influence  between  Suii  and  Barlb,  wUfsb 
enables  us  to  form  approxlniitte  catiinateg  of  Sun's  nuiW  and  dist«ac«. 
the  close  of  the  communication  was  the  following  pttragriLph.( 

"The  revoUiiion  of  the  Sun  apmnd  the  great  Ccntml  8unmu*ii 
cause  barometric  fluctuations  that  may  possibly  be  measured  by  ddil 
InstTumcnls  and  long  and  patient  observations.  Tbe  TurriceUiMi  oohl 
may  thus  become  a  valuable  auxiliary  in  verifying  or  ructiffing  ourc 
utates  of  ibe  distances  and  masses  of  ihc  principal  heavenly  bodiM." 

Id  various  subsequent  communications  I  have  shown  ttiat  e\iv^t\eAji 
magnetism,  solar  gravitation  and  rotation,  planetary  and  stellar  posttloiM^ 
spectral  lines,  chemical  alBnily.  thermal  energy,  and  other  piiysical  mint 
fbslKlions.t  furnish  marked  indications  of  an  ail-porvoding  elastic  medlVBti 
vibrating  with  the  velocity  of  light,  and  subjecl  to  tbe  tnmt  laws  <rfi 
monic  nodal  action  as  have  been  found  U>  influence  the  air  and  other  aliilie 
bodies. 

The  observations  upon  the  solar  eclipse  of  18(10,  by  Morton,  WIbIhA. 
Young.  Pickering,  HurlinesB  and  others,  disclosed  an  imimrtiinl  lioe  )o  IM 
solar  spectruui,  which  corresponds  rcry  nearly  to  147i  of  Klrctitiofl'i  t 
and  is  now  slyled  1474  K,  or  "the  corona  line."  Father  Seech i  ttllrilniUt^ 
Ihe  line  \a  hydrogen  ;  Dr.  Gould  thought  it  identioil  witli  the  anrotkl  111 
and  therefore  due  to  some  substance  nliich,  as  stated  by  I^ockyer,]  "luy 
possibly  Ik  present  in  tbe  higher  regions  of  our  own  ntmosphcrc." 

Lockyer]  considers  Ibe  observalionsas  indicating  "an«noriaousenvdo^ 
of  hydrogen,  proliably  in  the  uvcrago  twelve  miDuleshigh,"  ■swdli 
"  the  existence  of  some  unknown  element  extending  further  from  llw  fihi 
loaphere  even  llian  hydrogen."  In  the  ecl1|)ae  of  1870,  "  at  tlie  snme  iM 
that  lliia  line  was  observed  to  extend  to  a  distance  of  30'  from  the  8m,  ll 
lines  of  hydrogen  were  observed  eight  niinuiesalwve  tile  Bun."  Heretf 
therefore,  probable  evidences  oflwosucccrssive  singes  of  teihnrcalooailMi 
lion.     U  has  "  been  shown  by  Salet,  Schuslerand  others,  tliai  "  all  tlu  Ig 

•  lb.,  xvii,  ina-12, 3B7>mi. 

tA^iile.  Ix.,  IKS:  PHIL,  Mng.  r41,  xxvlll.SH. 

lAnte,  Ix.xlv:  xvi.  «qq.:  l>.  Mag.  [41.  vota.  !W.33,si.a3,ao;  [&],  i-fl,  in.  u. 

|SalarPhr>tc«,|i.2«l. 

I  lb.  r-  IIS. 
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drogen  lines  but  F  are  "due  to  impurities/'  *  so  that  the  hydrogen  spectrum 
is  harmonically  connected  with  the  corona  line. 

It  may  be  well  to  recapitulate,  in  this  connection,  some  of  the  simple 
equations  which  serve  to  connect  the  energies  of  solar  and  terrestrial  rota- 
tion, planetary  revolution,  atmospheric  limitation,  molecular  oscillation, 
cosmical  aggregation,  and  sethereal  action  : 


2.     v^—pv^ 

Note  34. 
Note  34. 

4.     V,      pft)   ■ 

Notes  33,  37. 
Note  17. 

See,  also,  Proc.  Am.  Phil.  Soc.,  xii,  392-4  ;  xix,  21-5,  and  Note  16. 

45.  Cosmical  Significance  of  the  Corona  Line. 

Earth  being  the  centre  of  density  in  the  solar  system,  its  nascent  locus 
should  have  a  time  of  revolution  tt  times  as  great  as  its  own,  with  a  semi-axis 

mi^or  of  jfi  X  214.45  =  460.002  solar  semi-diameters.  The  corresponding 
wave-length  (Note  37,)  is  5321.35,  as  is  shown  by  the  following  propor- 
tion : 

log.  64il.4  :  log.  460.002  :  :  7612  :  5321.35. 

This  differs  by  less  than  yjj  of  one  per  cent,  from  the  geometric  wave- 
leDgth  (Note  41),  and  by  less  than  ^  of  one  per  cent,  from  Gibbs's  measure- 
ment of  the  corona  line. 


The  SyBtematic  Arrangement  of  tits  Order  Perissodactyla.     By  E.  D.  Cope. 
{Read  before  the  American  Philosophical  Society,  April  15,  1881.) 

PERISSODACTYLA. 

This,  the  second  great  order  of  the  ungulate  Mammalia,  naturally  occu- 
pies a  position  heisiteexi  ihe  Aviblypoda  and  the  Artiodactyla.  Its  lower 
forms  are  more  specialized  in  the  structure  of  the  feet  than  the  Amblypoda, 
while  its  highest  types  do  not  reach  the  perfection  of  structure  seen  in  the 
ArUodtutyla,  This  is  particularly  indicated  by  the  form  of  the  astragalus, 
which  has  but  one,  the  tibial  trochlea,  and  never  displays  the  distal  one 
characteristic  of  the  cloven -footed  families.  The  Perissodactyla  occupy, 
as  regards  their  dentition,  a  position  parallel  with  the  Artiodactyla.  They 
are  always  superior  in  dental  complication  to  the  Prohoscidia  and  the  suil- 
line  Artiodactyla,  but  only  one  series,  that  of  the  horses,  reaches  the  com- 

•  lb.  p.  680,  foot-note. 
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plctil;  ormolnra  gnnerni  ill  tlie  Awninantfu.  The  dentition  ur  the  i 
of  llic  Perimod'i-ftylit  might  lie  lieacribeJ  as  inlenuodlate  U'twecn  tlni 
tlie  Proboteidia  and  the  lowest  solcnmloiit  ArUoiaetifia. 

The  femilies  of  ihis  order  form  n  clnsely  conneilcd  seriea,  uid  Um  ili 
sioD  of  them  into  three  diviaioDB,  tlie  " Pachyili^miutn, "  "SalipadA"« 
Psriuodaetyla,  hna  no  warniiit  in  Ditliiru.  EfipeciallynnnAliml  Islbpei 
junctton  orihe  gencn  indudeJ  uniler  the  Hrst  nurac,  with  the  f 
&nd  ccnaia  Builline  Artiodartyiii.,  In  a  siogle  oHer,  »a  wm  propa 
Cnvier.  The  modificntluns  of  licnlillon  from  Ilie  Bimple  tjpe  s 
Mtnodiii,  lo  the  most  cnmplei,  ab  In  Equu*.  Aro  close  uiil  coasocuifT 
So,  also,  iho  graduni  diminution  In  tlio  numlier  of  djgii«  rrom  5-4  W 1- 
can  be  traced  through  all  the  iutervening  stages. 

Tlic  following  definitions  of  familieB  are  applicable  in  the  present  M 
of  knowledge.    Those  of  nil  hut  three  were  puhllahed  in  the  BnllotlBB 
the  U.  S.  Geological  Survey  of  the  Territories.  187B,  p.  928. 
cation  In  the  diagnoses  of  the  f&iniKeB  GAalientheriida  lUii)  / 
Is  now  introduced : 

I.  A.ntcrlor  oilcrior  crescent  of  superior  molare  aliorloiicd,  no* 
gublied  fVom  Ibc  posterior  by  external  ridge  ;  inferior  moli 
criiss-crests  ;  premolars  different  from  molars. 

1.  Toes  4-3 L^fhi 

3.  TceaS-S 


n.  Exterior  crescents  of  superior  molars  as  In  I ;   Inferior  molan  (ii 
cmss-creais  ;  superior  molars  and  premolars  alihc.  wlih  croea  emit. 
8.  Mastoid  boDV  fiirming  [>art  of  the  external  wall  of  the  akull .... 

4.  Mastoid  l>ont.>  excluded  from  the  wnlls  of  the  skull  by  ihr  contact  oTlM 
occipital  and  squamosal ,  WiinattMt 


III.  Exterior  crescenlold 
inferior  molara  with  crc 

a.  Superior  molars  and  premolars  alike  and 


of  superior  molan  anbriitu],  i 


loot*** 


IV.  The  external  crescunloid  crests  of  the  sujierior  molan  sal 
separated  by  an  external  ridge ;  inferior  molars  witli 
A.  Superior  premolars  different  fTom  molars ;  with  only 

8.  Toes  4-:t ;  a  vertehrarterlal  canal Ckati 

7.  Toe*  US  ;  no  verlebrai  lerial  canal Mrierai 

AA.  Premolars  like  molars,  with  two  iuieroal  toUea  aliovc:, 

8,  Toes  with  digits,  4-3 

fi.  Toes  wiihdigitB.  3-3 

10.  Toes  with  digits,  l-l 
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*be  genera  included  in  these  families  are  the  following.    The  table 
ws  their  geological  distribution  : 


EOCENE.  I      MIOCENE. 


M 
M 

o 


Lower  Upper  Lower  Middle  Upper]     ^ 


Lophiodonttdce. 


racotherium  Ow 12 

>lophus  Ow 4 

^phiotherium  Gerv i 

hynolophus  Pom ,     3 

aletes  Marsh 

>hiodon  Cuv 2 

rachyus  Leidy 

Diioceras  Marsh I 

TriplopidoB, 
[>lopus  Cope I 

Hyracodontida. 
racodon  Leidy 

RhinocerontidcB. 


iratherium  Kaup. . 

lopus  Cope 

eratherium  Marsh 

ibis  Cope 

lelops  Cope , . , 

atorhinus  Gray.. . . 

nocerus  Linn 

aoeras  Cope 

lodus  Pom 

[odonta  Bronn 


TapiridcB. 


xiodon  Gerv.... 

Atub  Linn 

smognathus  Gill. 


ChalieotlieriidcB.  i 

igatherium  Pict 1 

rocephalus  S.  S.  and  O 

eosyops  Leidy 1 

inohyus  Leidy 

ibdotherium  Cope 2 

palteotherium  Gerv 1 

licotherium  Kaup 

toritherium  Kaup 

liscotherium  Cop<3 1 

Macrauc7ieniid(jB. 
ofauchenia  Ow 
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Aco^ui  Com 

Diplacotlon  Marsh.. 

MonoduB  Pom 

SymborodaD  Cope.. 
Doeodon  Cope 


ADcbiloplius  Gerv 

Pftloplotborium  Ow 

PNlwolherium  Cut 

Ueiohippus  Marsb 

Ancliltlierium  Kaup — 

A.DcIiippU8  Leidy 

Rippothcrium  Kaup... 
Protobippue  Lcidy 

Eguida. 


tu 


Total  Dumber  of  well  determlucd  species,  one  hundred  ood  eigbty -si 
From  llie  preceding  table  it  can  be  roadiEj  seen  iliai  tliis  order 
abundantly  represented  during  tlie  Eocene  perioti,  nud  Ibal  (lie  rw 
species  are  comparatively  few.  It  may  aEso  be  observed  thai  certain  (■ 
lies  predominated  during  certain  iicriods.  Thus  ihc  prevalent  Perittn 
tyla  of  ilie  Eocene  are  LophiodonUdce  and  Chalkollieriida  ;  those  of 
MioceneoreBAinocerond'iiBaud  PalaollieriidiE.  Tlie  TapiridmAViA  Bqu 
characterize  Uie  lalcsl  tertiary  epochs.  A  genealogical  tree  of  iLe  oi 
may  be  constructed  as  follows  ; 


Hliinoferidjt.  PHla^otherii 

Hyracodontidie.  Tapiridie. 

TriplopiJie.  Menodontid*. 

Lophiodontidic.  Clialicollieriidte. 

Hyracotlieriinu'. 
The  types  of  the  Lopliwdon'.idie  and  Chalkotheriida  differ  only  in  titel 
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nts  of  the  separation,  or  n  on -separation,  of  the  exterior  crescents  of  the 
terior  molars,  as  already  pointed  out.  That  no  great  modification  of 
iwn  forms  (as  Lambdot?ierium  in  the  Ghalicotheriida,  and  Hyracotherium 
the  Lophiodoniidm)  would  be  necessary  to  obliterate  this  difiference, 
luite  clear.  The  parent  types  of  the  order,  which  present  the  most 
eralized  dentition,  HyracotherCum,  Rhagathsrium,  and  Acohsus,  were 
smporaries  of  the  Lower  Eocene  epoch. 

LOPHIODONTID^. 

^his  family  embraces  a  larger  number  of  known  species  than  any  of 
others  of  the  order.  With  one  exception,  all  the  species  belong  to  the 
:ene  period.  They  range  from  the  size  of  a  rabbit  to  that  of  an  ox. 
sy  resembled  most,  among  living  animals,  the  tapirs. 

'he  genera  are  characterized  as  follows  : — 

External  lobes  of  superior  molars  well  separated   and  little    flat- 
tened ;  lobes  of  inferior  molars  scarcely  united  {Hyracotheriina). 
A,  No  diastema  behind  first  premolar. 

o.  Third  and  fourth  inferior  premolar  like  the  first  true  molar. 

:  inferior  molar  with  five  lobes LopJiiotherium, 

A  A,  A,  diastema  behind  the  first  premolar  in  both  jaws. 

a.  Last  inferior  premolar  different  from  first  true  molar ; 

t  inferior  molar  with  heel ;  cross-crests  of  superior  molare  interrupted ; 

Hyracotherium. 
aa,  L^^t  inferior  premolar  like  first  true  molar  ;  - 

e  molars  as  in  Hyracotherium Pliolophus. 

\,  Extertial  lobes  of  superior  molars    flat,    not    well   distinguished. 
(Lophiodontina. ) 
4.  No  diastema  in  lower  jaw. 

t  inferior  molar  with  third  lobe HelaUtes," 

A,  Lower  jaw  with  diastema. 

N'o  diastema  behind  first  premolar. 

a.  No  inferior  premolars  like  the  true  molars. 

iperior  molars  7. 

inferior  molar  with  heel Paehynolophus. 

iperior  molars  6  ; 

in  ferior  molar  with  heel Lophiodon. 

lower  molar  without  heels,  no  horns Hyrachyus. 

lower  molar?;  "an  attachment  for  a  dermal  horn  on  each  nasal 
ne  " Colonoceras. 

le  geographical  range  of  these  genera  is  as  follows  : — 

,b  America  only Helaletes,  Golonoceras. 


Europe  only  ;  i 
pIiMheriunt. 

Phut  or  the  genon  ■ 
lo  North  AmcrlCB  Iutv«  oc 

ilcr  mj'  obacrvntion. 


Co\n-.    Anierickn   NkU 
1H8I,  April  (Mftrcha5th).i 

But  one  jjcdub  of  tbu] 
is  bnowu   at  prcwDt, 
immber    will    probably  ] 
titeaatd  wben  i1ib    strocti 
llm  reet  of  various  li 
kuown  species  i»a| 

TRIPLOPUS  Cope. 

AmurloiQ  NHturalist,  1S80,  p.  383  (April  STtli). 

Denlnl  fortiiuln,  I.  ?  ;  C.  |  ;  P-m.  ;  f  ;  M.  )  ;  n  consIdeistt^M 
anterior  Ut  the  first  premolar.  Molars  with  only  two  vertical  M 
ridges,  the  anterior  rlngular  and  the  approximated  median  of  tlii  a 
crescent.  Transverse  crews  two,  uninterrupted  anil  ratlicr  ubUq 
?  third  and  short  crest,  on  the  posterior  buee  of  Ihe  llrst  true  taolu^ 
molnrs  different  from  molars,  the  third  and  loiinh  with  two  t 
crests.  Inferior  molars  with  two  transverse  crests,  iis  In  Lof/Mi 
last  without  heel. 

An  ossified  inferior  wall  of  the  meatus  auditorius  eitlermw, 
panic  and  parocciplial  processes  distinct  form  each  otbcr.  Ko  pi 
arch.  Postpnrielal  and  inasLoid  foramina  preserved :  the  latter 
Cervical  vertebra!  rather  long:  nicis  with  subcylindric  odontoid  p 
Scapula  with  small  coronoid  prooess.  Great  tuberosity  of  knaienil 
curveil.  Nil  trochlear  crest  on  condyles  of  hillnerils  ;  epieniuljilc 
mental,  Uintt  and  radius  distinct  throughout  their  length  -, 
tion  with  carpus,  suukU.  Trapezoid  bone  of  carpus  wiib 
trapezium.  Unciform  with  two  inferior  facets,  HeiacitrpalftUirMpf 
ones,  and  one,  the  fifth,  rudlmenlnl  ;  the  distal  CXtremlUeB  of  UM 
and  lil\h  opposite  :  the  third  a  liitlc  longer. 

The  deoLition  of  this  genus  is  nearly  thni  of  Ilyrufhyu*.  Tin  M 
cepliou  la  the  possible  third  transverse  crest  of  the  ftrsl  true  tuoUn^. 
otiier  [Hirlions  of  the  skeleton  known,  are  also  much  Ilka  ill 
Uyraeligut,  with  the  exception  of  the  number  of  digits  of  the  Bnl«fto 
The  entirely  rudimontal  character  of  Ihe  finh  meiacurpal,  wU 


[Oope. 

tfeic,  l»  ao  well  developed  in  JJi/rarhi/nt,  ploci^B  Triplopui  iu  another 
tBtily,  and  in  ivnoUier  line  or  de^ceoi,     I  Lliink  iliitt  U  musL  lie  regarded 

one  of  the  furms  of  the  series  coanectingllieiupirs  witb  tbe  rlilnnceroeee. 
le  ft>urt1i  digit  (the  Snii)  woa  rotaiacd  by  tlm  earliest  type  of  rliinoceros 
Surope,  tbe  genus  Aetratherium,  but  in  Auierira  it  a))pearB  hi  hitve 
a  lost  earlier-  None  of  ilie  American  rbinoceroees  of  tbe  Lower 
iceoe  of  tbe  genus  Canopvi  Cope  present  it,  and  In  the  present  genus 
Iinvc  nn  ancestral  type  of  llie  Eocene  period.  In  whicli  the  last  digit  U 
t^Ay  Joat.  The  premolars  of  diflerent  stniclure  from  the  true  molars, 
lilde    tttis  genuB  fVom  the  Hhinoetronlidtr,  and  ivltb  the  ehiirHCler  ot  tb<^ 

pln«:o  it  between  that  family  and  Ihe  LopkiodnMidiM. 
3  yel.    but  one  spotHus  of  Triphpui  is  <«rtalnly  known,  bul  a  second  is 
;<k1   In    it  provisional  ly. 

TrIPLOPUS  COBITAI.I8  Cope. 

LioerioanKaloraliat,  1880,  p.  ites. 

^Iils  species  is  represented  by  a  nearly  entire  skull  witb  lower  jaw  ; 
1^  of  the  cervical  vertobrte  ;  a  left  anterior  liuib  nearly  complete  ;  a 
f%  of  tlif  left  scapula,  and  a  part  of  the  right  anterior  limb  ;  all  belong- 
a  to  one  animal.  The  specimen  was  not  quite  adull,  m  Ibc  last  superior 
aWf  ^  just  protruding  its  crown  through  the  inaxillaTy  wall,  and  Ihe 
^  t^o  superior  milk  premolars  still  ronuin  in  place,  mucli  worn  and 
Igaely  pressed  by  the  overlying  nuecesslonal  teeth. 

,  "ffc®  cruni'titn  is  peenliiir  in  its  wide  orbital  region,  and  short  compressed 

pncxie  :  the  latter  is  damaged  in  the  specimen  so  that  tlie  form  of  tbe 

g^ftl  bonee  cannot  be  delennined.  except  at  their  proximal  portions.     The 

,|0ierortiltii|   space    is   plane   in    both   directions,   and   rises   very   gently 

I  notl^'^'^lj-     Tbe  Mgillal  crest  Is  narrow  and  low,  until  above  tbe  meatus 

.  ((odiV^riug,  where  it  rises      Above  tbe  posltympanic  process  it  lilfurcates. 

fjkd  Mcli  rounded  lateral  lobe  extends  posteriorly  to  a  |x>Int  above  the 

oCc!plt«I  condyles.      Viewed   from  a1>ovo  the  head  is  wide  between  the 

fffo'Oatic  fossa;,  and  at  Ihe  posterior  premazllhiry  teeth      The  lop  of  the 

vuualc  narrows  rapidly  above  the  latter,  but  does  not  contract  below  until 

I    Uw  llrtt  pmmolar  is  reached.     The  zygomatic  arch  is  no!  couvex  along  iU 

BtMdlD.  and  encloses  a  narrow  fossa.    The  snperciliary  border  is  prominent, 

Md  nMrlj  eiraighl,  and  is  hounded  by  a  notch  behind.     Tbe  squamoeo- 

1   ootlpitai  ridge  is  well  marked.    The  posltympanic  process  is  shorler  than 

1^  paroccipilal,  and  is  seiuraied  from  it  by  an  open  slialtow  groove, 

™*h  b  probably  bottomed  by  the  mastoid  bone.     The  pnroi'cipltui  pro- 

•"•iimuch  narrowed  below  and  is  turned  a  little  outwards.    There  are 

'"o  closely  adjacent  lulwrclee  on  the  anterior  border  of  tlie  orbit,  proliably 

""  tbe  taoJirymal  bone. 

foramina.  Only  a  few  of  tliese  are  well  preserved  ;  among  the  lost  is 
"'^f.  tn/ra-Tbitalt.  There  are  two  iiostiiarietal  foramina  on  one  aide,  and 
^on  Ibe  other,  aliove  the  poiut  of  origin  of  tbe  zygomatic  process  of  tbe 
''Itiimmi.tl  bone;  and  one  in  tbe  nsitai  posterior  position.  The  poet- 
r  position  as  the  anterior    iK>slparietalB, 
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being  immediately  below  tlicm  ;  I  canoot  discover  wheilier  ili«n>  i 
poslerinr  ono  or  not  owing  lo  injuries  lo  tliespecimeo.  There  is  npinren 
a  fisBurc-like  one  on  tbe  pari elosquamoeal  suture  fiostoriorly.  Tlit-  man 
is  quite  larga,  expanding  downwards  and  outwards  :  it  is  not  ea  largi 
In  a  tapir,  but  mncli  czcccdB  thai  in  Byraehyun  txlmtut.  The  fnMlw4 
ditoriui  eiei«Tnv»  Is  large,  and  occupies  only  tlie  posterior  put  of  Uiaapi 
between  the  pnstglenoid  and  postiyraiKiaic  processee.  It  b  encloMdi 
loriorly  and  below  by  tlie  bonlerora  wide  element  whidi  may  be  tjmtpid 
It  encloses  tlie  petruua  bone  below  in  n  bulla  :  im  however  tho  Inatr  poV 
lion  of  the  best  prCEerveii  one  Is  broken  away,  I  cannot  siHink  of  Iti  pdb 
tione  to  tbe  baaiocoipital  txmc.  Tbe  fofamtn  laetrum  poiltHui  is  ndtM 
toajugularaudpertiaiisftDoiberciinnecicdroramenby  the  clow  nppoaitli 
of  the  petrous  IxiDe  to  the  basloccipital  for  a  oonsiderable  disianoe.  Tl 
region  of  ihe  /.  J.  medim  is  Injured,  Posterior  to  the  /.  I.  pi>HfrituS§ 
roramen  opposite  the  base  of  the  parocclpltal  procese,  nnleriar  lo  Ui*  on 
position  of  the  /.  (oniiyloideiira, 

MandibU.  The  angle  of  the  lower  jaw  ia  produced  posteriorly,  m  InMd 
species  of  Hyraehyut:  eft.  figs.  Voi.  IV,  U.  8.  Oeol.  Surv.  Terrs.  Tbe  eon 
noid  proceas  iB  long  and  is  curved  bockwarda  to  above  the  posterior  t)otd(rt£' 
the  condyle.  There  is  no  tuberosity  behind  the  condyle.  Th«  symi>b^ 
is  quite  contracted  and  is  short.  Tbe  mental  foramen  ia  below  ih<i 
of  the  inferior  diastema.    The  ramus  U  compressed  and  at  tbe  bus 

Denlitioa.  As  the  deciduous  third  and  fourth  premolar  tc«th,  in  i 
condition,  remained  in  Ihe  maxllliiry  bone.  I  removed  them  from  ot 
Ibiia  displaying  tbe  crowns  of  tho  corresponding  purinanent  teeth.  "A* 
flrat  premolar  may  belong  to  the  permanent  dentition ;  the  second  i*  tkl 
deciduous.  Tbe  former  lias  two  roola.  The  crown  !a  cutting  fur  a  ah 
distance  anteriorly,  but  posteriorly  It  expands  into  a  heel,  much  1m  i 
veloped  than  the  Inlernal  lobe  of  the  succeeding  teeth.  The  crowns  oft 
third  and  fourth  prenjolars  diSer  externally,  as  well  as  hi  their  creUa.  &< 
those  of  the  true  molarB.  The  median-anterior  and  clngular  vertical  nit 
are  not  so  prominent  aa  in  the  latter.  The  cxicrnal  crest  is  not  dlvld 
into  two  by  the  notch  in  its  grinding  face.  The  anterior  cross  crest,  tl 
ianer  or  distal  extremity,  is  turned  shortly  Imckwanls  and  then  inwati 
giving  a  "pot-houk"  outline  to  Us  triturating  surface.  The  fuurtli  < 
ciduouB  premolar  presents  a  peculiar  character  already  uscribud  m  lh«l 
true  molar.  This  consists  of  a  crest  running  parallel  with  the 
transverse  crest  and  close  to  it,  along  its  posterior  sido.  It  fonoi  1 
border  of  tbe  tooth  for  a  short  distance,  but  as  its  direction  is  altgb 
obliquely  forwards  aa  well  as  ouiwanis,  tbe  posterior  cingulum  itppttn 
a  very  short  distance. 

Tbe  first  true  molar  Is  sultquadrale  in  outline.  The  anterior  tntBara 
crest  commences  at  the  miildle  anterior  ridge,  and  is  flrst  tranaveree.  U 
directed  a  little  obliquely  backwards.  The  second  cmt  cummencee  at  I 
.ipel  of  the  posterior  external  cresccol,  leaving  a  wide  posterior 


nsa.  It«  iateroal  extreiiiitj  xb  broken  off.  Posterior  Ui,  aud  in  conl&ct 
'iUi  it,  ilie  posltiiior  ciogulura  rises  in  a  crest,  wLich  occupies  the  internal 
alt  only  of  tbe  border.  Ita  inner  border  is  imperfect.  It  appears  to  me 
>  be  prolMble  tbat  tbe  normal  posterior  crest  is  turned  posteriorly  on  itself 
I  ■■  to  give  the  "  pot  book  "  shape  seen  in  tbe  anterior  crest  of  tbe  fourth 
emUDeQl  premolar.  The  corresponding  accessory  crest  in  the  fouiilj 
nnporary  premolar  appenrs  to  liave  been  distinct  at  lu  internal  extremity, 
"he  second  true  molar  boa  a  more  oblique  posterior  external  crosl,  and  tbe 
□eterior  liilerDal  is  oblique  and  simple.  Il  bos  narrow  anterior  and  pos- 
trior  basal  cinguia.  There  is  no  tubercle  between  tbe  inner  bnses  of  tbe 
■BOBverse  cregia  of  this  or  the  last  true  molar.  Tbe  latter  Is  characterized 
f  the  rudimenial  character  ot  the  posterior  external  crescent  cresi,  wbicli 
\  sborlened  like  that  of  Hyr-\ehyu».  Tbe  [runsverse  eresls  are  curved 
■ckwards;  ibe  posterior  is  short  and  simple. 

Tli«  caiiines  are  small,  and  are  direcied  tbrnards,  The  oxtrcmity  of  the 
lUZXle  being  broken,  the  relation  of  the  incisors  cannot  be  sinted,  but 
wre  wu  nut  probably  any  precanine  diastema,  A.n  incisor  preserved  has 
i«  CTDwn  Imnsversely  expande<l,  and  rather  oblique. 
Tb*  Lhird  and  fourth  inferior  premolars  are  the  deciduous  ones,  and  are 
otta  ihree-lobcd,  but  differ  in  tbe  forms  of  tbe  anterior  lobe.  In  the  third, 
is  narrow  and  incurved,  as  in  tbe  corresponding  |>ermanent  Icelb  of  some 
^fUodaetyln.  Tlie  transverse  crests  of  the  true  molars  are  rallier  oblique, 
inning  forwards  as  well  as  outwards. 

Their  external  eilremilies  are  bent  at  right  angles,  and  there  results  a 
lOrt  descending  crest  running  forwards  and  inwards;  the  anterior  one 
vns  inwards,  again  forming  a  transverse  anterior  ledge.  No  cinguia  on 
itenifti  or  external  bases  of  crow  □  ;  a  rudimental  posterior  one. 

Meit»urtmtnti  of  Cranium.  M. 

Length  from  front  of  canine  looih  to  end  of  occipital 

condyles 128 

,  LeagLb  fn)m  same  to  postglenoid  process DM 

'        "    to  end  of  last  molar. 069 

'         '■    loflnt  premolar 015 

'        "    to  line  of  front  of  orbit 044 

ffidth  between  superciliary  Ixtrders .046 

of  zygomata  at  orbits OSl 

of  brdncase  at  glenoid  surbce 048 

of  occipital  condyles 033 

of  basloccipital  Itime  between  oms  p«lroga 006 

plslance  iKtween  postglenoid  and  posttympanic  pro- 

tsses OU 

leptb  of  occiput  behind 088 

of  mandible  from  condyle. 040 

of  mandibular  ramus  at  third  premolar 014 

at  diastema  (aiial) 009 

It  width  of  symphysis Oil 


Htaiurtmenli  of  Oranivm.  H. 

(  anleropas- 
Dinttieier  crowD  third  permaoent  premolar  J      Vvxiot. . .  .007 
( tmiuTcrM.  .OOS 

A nteraposlerior  diameter  crown  Aral  premot&r- OMA 

(anlcrojiosUirinr 010 


Diaroeiers  crown  Brat  true  molar 


.018 


.0075 


(  antdropos- 

DiamoierB  crown  sei'ond  inferior  iniemoliir  ■<      (crior 
(iniiisT«Tw. 

Diatneter  of  ruol  of  inferior  taniae  near  crown 0085 

VerMrtt.  Tlie  alias  is  about,  as  long  relatively  as  iliat  of  the  harac. 
irttOBVerse  prctceaaeB  LuTe  mora  anteroposterior  than  tmitETfrrac  flxleDI, 
Tlie  summit  of  the  neural  arch  has  a  median  ridge  separaiiDg  two  groom. 
The  Inferior  surface  of  thu  centrum  has  a  nearly  median,  obtUN  lijj 
pophyais,  The  axial  fucets  are  well  separaled  below.  The  vertebrarlerit 
canal  pierces  ilie  base  of  the  transverse  proccM  behind  and  l>clnw,  u 
notches  It  deeply  anteriorly.  Above  this  notcli  the  usual  pcrforuiion  ol  U 
arch  is  preaenl.  The  axis  is  not  relatively  quilu  so  long  as  that  of  the  liM 
it  is  a  little  lunger  than  iii  Hgrafhuut  fzimiut,  but  rather  ahortur  lliu  i 
Hf/raeodon  arfidem  (PI.  CII,  Pig.  T),  The  atlantnl  facets  arc  aproad  «i 
apart,  and  the  articuialing  surface  of  the  odontoid  does  not  conDeet  «t 
them.  The  latter  is  rather  long.  Is  obtuse,  and  slightly  rocurved  ;  tl  b 
no  raised  borders.  Between  the  aiJaolal  faces  the  toferior  surfact!  t«  plw 
Posterior  to  ihia  the  middle  line  bears,  a  prouinoni  keel.  The  dUpopkya 
are  long,  narrow  and  recurved,  and  each  is  pierced  at  the  base  by  the  t* 
tebmrterial  canal,  The  posterior  articular  face  is  but  little  concnro.  aadi 
little  oblique,  and  is  a  little  wider  than  long. 

The  succeeding  cervicals  regularly  diminish  in  length  and  hiwutne  im 
strongly  opisthociFlous,  Ihe  seventh  having  quite  a  ball  in    rrooU     T 
siiih  has  a  slender  diapopbysis  directed  poaleriorly,  and  nuilc  ilirtlnM  ftt 
the  wide  and  long  pani|>opby sis  which  ia  directed  downwards  and  a 
wards,     Tlie  posterior  angle  of  the  latter  extends  as  liir  back  as  the  « 
trum.     Tbe  seventh   has  only  a  flat   transverse   din|K>ph}-ii|s,     Th*  fl>4 
dorsal  has  a  very  stout  diagiopliysis  excavated  below  for  the  rj 
The  diapopbyses  of  tbe  third  and  fourlli  doraals  are  not  so  sloul. 
pitular  foBii.°e  are  large.    Tbe  centra  of  the  anterior  dorsals  arc  II 
below  ;  they  are  concealed  in  part  by  the  matrix  in  this  speclca 
neural  spine  of  the  aisth  cervical  is  narrow,  and  is  directt^d  fur 
Thai  of  ihe  seventh  is  vertical,  and  narrows  rapidly  fmm  a  htLsti  whldi  il 
rather  wide  anteroposteriorly.    Tbe  spines  of  tbe  dorsals  aru  tvliter,  ■ 
are  directed  gently  posteriorly  :  tbey  are  probal)ly  long.  Judging  fttn  I 
EJEe  of  their  bases, 

MimiartmeaU  of  YtrtAra.  31 

IieDgtb  centrum  of  atlas  on  side 017 

"         "         below .OM 

Width  "  '■    i">6leriorly |M 
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Xt'imrevieiUt  of  Vertebra.  M. 

kith  transverse  process  of  atlae 010 

IfBTtical  diomelcr  iieunil  hdcI  odontoid  canal 015 

mgthaxis  to  odontoid  process 088 

odontoid  process 007 

.      ,  ,.  ,( vertical    ^  will"  >'yi«popi>y»"  oia 

eenlnimbebind;'^^™™'      I  without        '■  .009 

(transverse 0115 

Mgtii  i>r  contruni  of  Aftb  cerviml ODQ 

"  seventh 017 

"  second  dorsnl 014 

■Bteropostcrior   diameter  of   tiasc  of  neural  spine  of 

second  dorsal 010 

Espanse  oT  bead  and  tubercle  or  first  rib U13 

>br«  Limb. — Tiic  greiitcr  part  of  the  blade  of  Ibe  scajiiila  is  lost,  Tlie 
h  K  aloai,  and  tlie  coracoid  U  a  stiort  aliform  process.  Tlie  liumcrus  h 
deniiely  roliust,  inoBl  no  proKinially,  The  greater  tuberosity  Is  a  strong- 
.RCDTVed  crest,  with  iruncnie  eummit,  which  is  a  Utile  elevated  above 

plane  of  the  liead,  from  which  it  rlBcs  rather  abruptly.  The  bicipital 
^csare  not  sIroDg  nor  prominent.    Tlie  oltcranar  foBsn  is  deeper  ilian 

corouold  foesa,  and  ihoy  communicate  by  perforation.  Tlio  ianei'  pari 
he  condyle  is  the  largest,  and  forms  an  acutu  angle  with  the  interior 
condylar  surface.  The  exterior  part  of  the  condyle  is  divided  by  an 
Iquo  nn^lc  of  llie  surface  se|wrating  an  cxiernal  bevelled  baud  of  the 
le.  whicli  narrows  to  extinction  on  the  jioaterior  aide.  As  compared 
h  the  hnniuruB  of  Hyraehywi  tzitniut,  Lha!  of  Tripl^'Ub  eubiCalts  is  very 
illar,  differing  mainly  in  two  points  at  the  distal  extremity.  The 
i^runar  fossa  is  smaller  and  is  less  excavated,  and  its  lateral  bounding 
gefl  are  ol  unequal  elevalinn  ;  in  T.  cuHtalii  tliey  are  equal. 
Tbt)  ulna  and  radius  are  more  ilian  one  fourth  longer  than  those  of  E. 
win*.  Although  they  are  entirely  distinct  Ihroughout.  the  ulna  is  quite 
ider  anterior  to  the  proximal  ihinl.  The  shaft  is  much  more  slendor 
n  that  of  llgraehyui  tzlntiiu.  The  olecranon  is  compressed,  deep,  and 
QCal«  bobind,  The  distal  epiphysis  is  remariiable  fur  Its  length,  being 
(X  as  long  as  that  of  the  radius  The  head  of  the  radius  is  subequslly 
ided  by  fossK,  the  external  being  the  shallower.  The  inferior  or  ulnar 
Et  Is  regularly  and  gently  convex  downwards,  and  is  bounded  behind 
tt  roughened  ridge,  whicii,  near  the  external  border  turns  bitckwards  lo 

biUDenl  border.  The  shaft  of  the  radius  is  robust  and  flattened.  The 
pfti  ftkcet  of  the  radius  is  contracted,  and  lias  tiiree  times  tbe  superficial 
a  ot  OM  of  the  ulna.  The  scapholunnr  dividing  ridge  is  present,  but  is 
y  Inw.  Tbe  scaphoid  face  Is  tlie  more  excavated,  and  then  rolls  back- 
rds,  forming  a  very  narrow  poatcrtor  facet,  which  is  narrower  than  tliat 
nd  in  tha  epeciva  ot  Aiiehilheriam,  There  is  no  distinct  fossa  on  Its 
cr  or  posterior  border,  as  in  many  ungulates.  Tbe  trapezium  and 
plKiid  are  the  only  bonea  of  the  carpus  whlcli  arc  wanting.    Tbe  latter 
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is  probiLbly  wider  llinn  long  or  deep,  wtillu  iKitli  the  lunar  and 
are  longer  tlian  wide.    Ttie  cuDciform  li&s  doI  its  extcraal    border 
cavaUd ;  its  proxitn&I  surfiice  is  oblique  and  continuous,  the  ntoar 
pisiform  facets  being  in  line.    The  pisLfonii  is  largo,  and  is  onUrged 
billy;  its  proximal  facets  are  equal.    The  exposed  Taoe  ot  the  tni>cioii]cB 
rsthcr  larger  than  tliat  of  Ibe  mscnuni,  and  is  noarly  as  large  as  \l3 
(hee  of  conlact  witL  Ibc  latter.     Tlie  magntini  has  the  usual  great  an 
posterior  extension,  with  elevated  posterior  convexity  applied  to  tlie  (o 
of  the  lunar.     lis  posterior  process  is  long,  nearly  equal  \o  lUe  rest  -rl 
bone,  and  is  depressed  and  flattened  dlstally.  Tlie  metacarpal  Tocei  is 
concave.    Tlic  undrorm's  anterior  or  exposed  face  fs  a  little  loiig«r 
wide.     lis  two  pnixiinal  facets  are  atwiit  equal.     It  is  about  u  deep 
wide,  and  exlends  halfits  length  dislad  to  the  magnum.     Ita  pocterioir 
teas  Is  rather  njtrrow  :  it  Is  narrow  and  abruptly  decurvcd.     Disbtlty. 
facet  for  tiic  llflh  metacarpal  U  well  marked,  and  has  alMut  half  lbs  i 
of  that  for  the  fourth  nielocarpal.    The  functional  mutocnrpals  an 
moderate  length  as  compared  with  the  elongaiion  of  the  ulooradius. 
third  ia  largely  in  contact  proximaliy  with  the  unciform  as  wi'tl  as  ■ 
tlie  magnuin.     Tlio  condyles  are  stout,  and  each  ia  laterally  imprelied 
a  fossa.     The  second  and  fourth  have  chiefly  laleml  presentnlinn.  but 
not  much  narrower  in  the  sliaft  than  the   median  metacarpal.     Tbs  1 
phalange  of  the  lateral  digit  is  a  little  shorter  tlian  thai  of  Ibe 
while  the  seconds  are  of  equal  lcns;th.     The  extremity  of  the  second 
reaches  the  proximal  third  of  the  length  of  the  median  ungual 
The  Qasure  of  the  ungual  phalange  reaches  the  middle  of  its  length, 
flrih  melaiarsal  la  proximaliy  rather  stout;  but  it  soon  contracts  laa 
rounded  extremity,  at  only  one-IIfVh  the  lengtli  of  the  fourth. 

Mtaiiiretnenli  of  Fart  Limb.  IL 

Antcro-postcrlor  diameter  of  cotyloid  cavity  of  Ecapulk. .  .OtS 

Diameter  of  head  of  humerus  J '™"8'6'^<' "J™ 

(anteroposterior 019 

"        with  greater  tuberosity -MB 

Length  of  humerus  on  outer  side 119 


Diameter 


epicondylcs  ?  anteroposterior    «X' 

(     temally .«■' 

Length  of  ulna Ht* 

"  radius AiL 

Depth  of  olecranon  distally OU 

Width  of  ulna  at  coronoid 018 

"  "        r«rpal  facet  (greatest) 001 

"         radius  at  head OlS 

"  carpal  facets M4 

"  widest  point  distally JU  ■ 

Length  of  carpus  at  magnum .flII' 

"  "  unciform MB 


MciiuremenU  of  Fore  Limb.  M, 

LeDglb  of  lunar 010 

DepUi         ■'  on 

Length  of  magnum 008 

Depth  "  017 

Length  unciform 009 

Width         '■        OOB 

Depth         •■        (total) 014 

of  inferior  facoiB 007 

Length  of  thin)  metaciirpikl 068 

Proiimal  diameter  third  metacarpal  J  "ntefopoaMrior- ■■  -OW 


Length  of  fiflh  metacttrpal 018 

"  meduQ  series  of  phalangeB 037 

"  first  median  phalange 010 

Width  of  do.  pmximally 0O8 

Lengtii  of  second  pimlange 000 

/  proximally 0O70 

WidlliB  of  median  ungual  phalange  ^medially 0060 

(  greatest 007 

B  body  of  thie  animal  was  about  the  size  of  that  of  a  rod  fox.     The 
pwere  more  slender  or  eleval<id.  ftod  the  head  of  course  was  shorler  and 

e  unique  specimen  on  which  our  knowledge  of  this  species  rests  was 
|l  from  a  block  ofcalcaTeouB  sandstone  of  the  bed  of  the  Washakie  basin 
e  Bridger  Epoch,  near  South  Bitter  creek,  Wyoming  Territory.    The 
-e  generally  in  the  relation  of  the  position  In  which  tlic  animal  died. 
%e  neck  is  depressed  and  the  left  fore  leg  raised  bo  as  to  lie  in  cotitact 
with  II,  and  the  head  is  raised  so  as  to  clear  the  left  wrist. 

^^^^h  Triplopds  aharoruu  Cope. 

^^^Hlw  chsracten  of  tlie  fore-foot  of  this  species  being  unknown,  tt  ia  not 

^^RHble  to  determine  Its  generic  position.  It  lias,  however,  one  of  the 
well-marked  characteristica  of  the  genus  Triplaput,  in  the  osseous  enclo- 
sure of  the  mtatiu  audUoriiu  exUritm,  through  the  ossiScation  of  the  ex- 
ternal prolongation  of  the  otic  bulla,  aod  tympanic  cartilage.  I  cannot 
therefore  refer  It  to  Ilyrachym. 

It  is  represented  by  a  &ku11  from  which  a  large  part  of  boUi  maxillary 
bones  and  the  mandible  have  been  lost,  and  which  is  accompanied  by  parts 
af  the  ulna  and  radius,  parts  of  the  ilium,  a  femur,  and  tibia,  and  nearly 

I  all  of  the  posterior  foot  of  the  right  aide,  The  ])ostcrior  parls  of  both  max- 
flluy  bones  remain,  and  they  support  each,  the  last  superior  molar  looth 
from  which  the  external  wall  has  been  broken  away.  The  portions  of 
fflolftrs  remaining  exhibit  characters  which  lead    me  to  suspect  that  the 
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Bpecies  does  not   belong  to  Huraehyul.     ' 

molnr  preserved,  is  luLnte,  reaerabliog  the  lutme  riilge  in  ibe  ap^dw  Ol 
fhitherium.     The  piwierlor  cross-crest  is  uainie erupted.     If  tbli  ^ 
possesses  affinity  with  Anehilherium,  it  will  perhnpe  poasesa  thfM  dlgtn  q 
the  muDUB.  in  wiilch  cace  it  will  be  relerred  to  die  Triplopi'dir.  la  li 
wltli  tbc  iodicatlon  furuislicd  by  tlie  ear  structure. 

The  Triptopui  amarorum  le  mucli  larger  tbau  the  T.  eubilalu,  oqukllia) 
the  Hyraeadua  nebriuceniU.  It  differs  from  the  T.  cubilaUt  in  tbe  Utodre 
temporal  ridges,  and  more  elevated  eagillal  crest ;  also,  in  the  shorter  pnM 
tympnoic  process.  The  internal  lobes  of  the  last  superior  molkr  an  coft- 
necled  by  a  basal  ledge,  uol  fbund  in  the  T.  cuhilalia. 

The  intororbital  upace  is  wide  and  flat,  and  is  most  expanded  at  III*  poib- 
orbital  angles 

From  this  point  tlie  Aice  contracts  rapidly  forwnrds.  From  the  M 
angle  it  contracts  abru[)t1y  posteriorly  to  the  rather  narrow  brsln-a 
Tlie  anterior  temporal  ridges  are  nearly  transverse  near  the  postoriiitil 
processes,  and  I  lien  converge  more  gradually,  uniting  opposite  the  p 
inferior  border  of  the  zygomatic  fossn.  The  elevated  sugitlji]  crest  divefi^ 
into  two  lateral  supraocclpital  crests,  which  contract  as  they  dcaoend.  U 
continue  to  the  extremities  of  the  posttympanic  processes.  Althoa^  It 
postorbitol  angles  are  promiucnt,  they  cannot  be  called  processes.  TM 
paroccipital  processes  are  large,  and  are  directed  vertically  duwnwv^k 
Tliey  are  separated  by  the  usual  concavity  from  the  occipital  coadyte 
The  postlympaoics  are  very  short,  forming  only  an  angle  proJecUai 
downwards  at  the  interior  base  of  the  twroccipitals,  from  which  tlitf 
are  only  separated  liy  a  notch.  The  inferior  side  of  the  tympanic  h 
is  flat  near  the  meatus,  but  opposite  the  stylom^toid  fossa  its  poslerkt 
lK)rder  is  turned  forwards,  and  is  produced  into  a  well  n 
encloses  a  groove  in  front  of  it,  which  is  continuous  with  the  ptetyj^ofi^ 
fossa.  The  jietrouB  bone  is  not  inflaifld,  and  its  inferior  surface  ii 
into  two  longitudinal  ridges.  The  inner  is  the  less  prominent,  and  it  il 
close  contact  with  the  basioccipital.  Tlie  postglenold  procQHses  are  robiM 
and  obtuse.  The  basioccipital  is  excavated  In  front  u[  each  uf  Ibc  tan- 
dyles.  The  inferior  surface  la  nearly  flat,  with  a  slight  median  kecL  TM 
pterygoid  fiissa  is  well  defined,  and  is  long  and  narrow.  The  [MMterior  ni 
trough  is  elongate,  the  descondlug  pterygoid  processes  of  the  spbenoid 
originating  as  far  back  as  the  apex  of  the  o»  petroiam.  Tliia  specie*  i*  M- 
pecially  characterized  by  the  presence  of  an  acute  keel-tilce  ridge,  whkk 
extends  horizontally  above  the  foramina  spheno5rbit«le  and  upticun.  m 
turns  upwards  anterior  to  the  latter,  terminating  a  half  inch  l>e1on  ibe  la- 
ferior  base  of  the  poslorbital  process.  All  the  foramina  are  below 
there  is  a  fossa  above  it,  opposite  the  interspace  between  the/,  npticti 
f.  tphtnoorbilale. 

A  supraorbital  foramen  piercea  the  frontal  bone,  a  quarter  of  a; 
within  the  superciliary  border.  There  are  fl»e  or  sis  posiparieial  fi 
I  wo  of  which  are  nearly  on  the  squamosal  a 
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tnoa&l  fonimea,  and  also  a  not  very  Btimll  Hiipraglenoid  roramen.  There  is  a 
stiuill  foramen  autertor  to  the  optic,  and  In  line  with  the  poaterior  part  of  the 
poetfronlal  angle.  The  foramtn  optieum  is  large,  and  is  lOmm.  In  front  of 
th«/.  tpheruorbitaU.  The  latter  isscparated  by  a  lamina  from  the  large  and 
vertically  oval/  TOtundum.  The  lalter  la  Joined  hy  the  large  allsphenoid 
cannl,  whose  posterior  oriflco  is  as  Urge  as  Ihe  roramcn  ovale.  The  latter  is 
Urge,  and  is  welt  separated  from  the  /.  lai-^rum  anltriu».  The  /.  /. 
tac«ra  are  well  closed  up,  the  poiteriut  being  reduced  to  nhat ',%  probahly 
Ibe  Jugular  foramen.  The  /.  coadgloideun  is  large,  and  is  an  anteroposter- 
ioily  placed  oval.  Its  snterior  eilremity  is  opposite  lo  and  well  separaled 
ftt>m  the/,  jugulare. 

The  DHSal  bones  are  spread  out  posteriorly,  and  their  posterior  estremi- 
ties  are  truncale.  The  coronal  suture  passes  downwards  at  the  narrowest 
pan  of  the  nranium  beliind  the  poBtnunial  angles.  The  squamosal  bone 
does  not  reach  tlie  fVonlal.  The  parietal  does  not  extend  so  flkr  posterior- 
ly as  the  lateral  occipital  crests,  except  near  the  squamoaal. 

The  characters  of  the  last  superior  molars  hare  already  been  mentioned. 
The  posterior  transverse  crest  is  un interrupted,  but  (be  anterior  consists  of 
I  closely  united  internal  and  median  lotws.  The  division  Is  marked  on  the 
posterior  side,  and  on  the  edge  of  the  crest ;  the  anterior  fone  U  plane. 
ITie  longitudinal  eilernal  crest  sends  a  airong  protuberance  into  the  head 
of  tbe  valley,  which  is  grooved  on  its  aur&ce.  There  Is  a  strong  anterior 
tMsal  ringnlum  which  rises  to  an  anterior  ctisp.  On  ntimerous  surfaces  the 
enAinel  is  slightly  rugose.  The  inferior  canine  teeth  arc  in  continuous  se- 
ries with  tbe  incisors,  and  arc  slightly  larger  than  they. 

Meaturenunlt  iif  SkuU.  M. 

i   Length  from  line  connecting  anterior  borders  of  orbita 
to  occipital  crest 0.133 
Length    from    line    connecting    poaterior    borders    of 
orbits  to  occipital  crest 100 
WldUi  between  poslorbilal  angles 100 
*'           ■■      anterior  borders  uf  orbits 076 
£levaiion  of  occiput. , 065 
Width  between  mastoid  ridges 0A6 
"            "       oua  pelrota  at  middle 018 
Diameters  third  superior  true  n,o,ar|""t«f°l'«»«''or...     .0300 
I  transverse 0205 
/  tinleropoBle- 
Diani.  second  superior  true  molar  i  base)  <     rior. 0300 
'transverse...    .0150 
e  portion  of  ilium  remaining  eiliibiis  a  rather  narrow  neck  and  a 
oonoave  exlerna!  face.     A  fragment  of  the  femur  shows  a  prominent  Ihird 
trochanier.  wiih  an  obtuaety  rounded  apex.    Tiie  distal  part  of  tbe  fibula 
ia  not  coossifted  with  the  tibia.     Its  shafl  is  exceedingly  slender.    The 
lUiglesbounding  the  trochlear  grooves  and  ridgegof  the  tibia  are  of  sub-equal 
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lengtliB.    Tlie  medmn  ridge  is  raiher  wide  ;  the  inner  malleoluB  !■ 
hBB  ni>  disial  Tocets  and  no  distinct  teadinoos  grooree  oilenially. 

The  posterior  foot  ia  iiolh  relatively  and  abBolutcly  smaller  lh»n  tbu< 
Hyrofhgut  tzimitu.    Tlie  troclilca  of  tbe  aslragaliis  is  narrower  and  mc 
deeply  groo<red.    Tlie  cresia  are  obtuee,  and  not  bo  narrowed  as  in 
hippun  bairdi,  nor  are  the  malleolar  facets  of  ihe  astragalus  so  aharply 
Sncd  as  in  Ihe  latter  apeciea.     The  external  ligamentous  fosaa  is,  howe^ 
deep,  and  is  bounded  anteriorly  by  a  low  trihedral  tulwroaity  not  found 
Ibe  it.  bairdi.     The  bead  of  Ihe  ostragalue  is  not  Bessile  as  in  M.  bail 
and  bas  rather  the  proportions  of  S.  eximiim.     The  cuboid  facet  is  a  bc*dl 
uf  the  external  Bide  of  the  distal  e:«lremiLy,  as  in  B.  ezimiut,  and  ]•  nnt  oa 
a  produced  ledge,  as  in  M.  bairdi.     Tbe  isternal  tuberosity  of  tbA  htad  tl 
nnt  as  much  developed  as  In  either  of  Ihe  species  named.     The  navlciilir 
bee  of  tbe  astragalus   is  horizontally  divided   by  a  shallow  11; 
fossa.     Tbe  [Alcftneumismucb  like  that  of  KyrofAjVo'^'"'"'-    Tbe< 
face  is  less  oblique  than  in  that  species,  in  the  anteroposterloF  dli 
and  is  leas  crescenllc  in  outline  than  in  M.  bairdi.     Tbe  sustentacnlnn 
rather  more  extended  traasrcTsely  than  in  H.  txitaiuK,  Imt  resemblaa  tfa 
species  more  tlian  the  M.  bairdi,  in  wanling  the  deep  groove  at  its  tmm  i 
the  inferior  side,  wlilcb  cuts  it  off  fmm  tbf  rest  of  tbe  cftlmnenm.    Tl 
remainder  of  the  inferior  surface  ia  flat,  and  not  grooved  for  a  tendM 
In  H.  eiiimiv*. 

The  remainder  of  the  tarsus  includes  the  usual  five  tiones,  llicthn 
cuneiforms  being  present.     Tlieyare  in'general  a  Hood  deal  like  Ibe 
Bponding  bone  of  Ilj/raehj/ui  tuimiiu.     The  navicular  differs  in   having 
low  transverse  ridge  on   its  proximal  face,  which  flia  the  .groove  of 
astragalus  already  mentioned,     The  hook  of  tbe  cuboid  is  large.     Tlie 
lernal  (anterior)  face  of  the  mesocuneiform  has  ono-third  the  8U| 
area  of  tbe  aulerior  face  of  the  ectocuneiform.     The  GntocuneiforQi  b 
large,  and  ia  flat  and  subseniicircular.     Its  position  is  extemo-' 
The  cctoeuneilorm  prescnta  facets  to  both  the  second  and  fourth 
sals,  that  with  the  latter  the  largest.    The  distal  halves  of  the  tn 
arc  lost.     At  their  proximal  portions  they  are  of  snbcqaal  width. 
Hj/raehgut  eximiut,  but  the  lateral  ones  are  rather  narrower 
of  the  Bhafts. 

Mtat'trenwiit. 

Width  of  distal  extremity  of  tibia. '. 

"         aslragaiar  face  " 

Length  of  inner  malleolus , 

"  astragalus  on  inner  side ,. 

Depth  of  trochlea  "         " 

Width  of  trochlea ,.., 

"  navicular  facet ., 

Length  of  head  from  inner  crest  of  trochlea 

"  calcaneum 
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MtatvrtmtnU.  M. 

Length  orfree  part  of  caliMDeutn 0S7 

DibUI  depth  of  Lbe  cak-UDenm .016 

I  DUmelera  cuboid  face  talcaie urn  i  ^nteropoeterior. 0143 

I  ttranaveree 0145 

.  Length  of  navicular 009 

culioid 0145 

L  TnuBTerae  proximal  width  of  three  metatargala 037 

\  DiuMKr.  or  fKcond  meUl.i»l  (  »t™P<»'"'or. 014 


I   Antero-pOBlcrior  dismeler  of  thin)  tnelntaraal 0145 


I  Diumotdra  i>t  foorlh  metatarsal  - 
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isspeciee  was  obtniued  in  1873  Troni  lbe  bud  lands  of  South  BittcF 
ore«k,  Wyoming,  from  the  Wash akie  basin  of  the  Bridger  formation.  The 
locality  is  the  Bnme  as  that  which  furaished  tlie  Triplopu>  fubitaU',  tlie 
AeA»no4on  iruoltni,  etc. 

IIYRACODONTID^, 
This  fiimily,  which  I  chamcteriwd  iiilSTB,  inchides,  sofaraa  yet  known, 
ilie  single  genus  Bj/T'icadoa,  which  is  found  Id  the  Oligocenc  While  river 
Ibrmation  o(  Norlh  A.merica.  According  In  Hureh,  the  digits  of  this  genus 
nnmber  three  on  botli  anterior  and  posterior  limbs.  Ii.  has  a  full  series  of 
inciflor  teeth  in  both  jaws. 

This  extensive  fitmiiy  lias  left  representatives  in  all  parts  of  the  Northern 
Uomisphvre,  and  species  still  exist  in  the  Old  World.  From  the  following 
ta.ble  the  range  of  variation  of  its  genera  can  l)e  readily  seen  : 

I.   Four  anlcrior  digits. 
Incisors  f ;  otnine  ! ;  no  horn  :  postlympanic  bone  distinct. ^MraCArr^um. 
U.  Three  uiierior  digits. 
a.  Poattympanic  process  not  coossified  with  postglenoid. 

totiaois  {  ;  canines  f  ;  no  dermal  haru Oeenoput. 

Indaore  t  :  canines  J  :  no  dermal  horn Aphelojt*. 

IscdAors  f ;  canines  f  ;  no  dcrmitl  horn Peraterai. 

InctBore  \ :  canines  {  ;  a  tuberosity  for  a  dermal  horn  on  each  nasal  bone. 

Dieeralhtrium. 

Indaora  f  ;  canines  1  ;  a  median  dermal  nasal  horn Vtratorhiaui. 

Inciflore  ) ;  canines  f Zitlabit. 

InciSMre  %  ;  canines  S  ;  dermal  horn  median  -,  no  osseous  nasal  septum 

Alelodut. 
aa.  Postlyni panic  process  cooaified  with  postglenoid  ; 
Incisors  { ;  canine  f  .  dermal  horn  median  ;  nasal  septum  not  ossifled. . . . 

IthiruetrMi. 

B  y  ;  canine  J  ;  dermal  born  median  ;  nasal  septum  ossified 

Caledonia 
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It  can  rendily  to  seen  Umt  the  genera  above  defined  form  a 
series,  ilie  steps  or  wUich  urc  measured  principally  b;  euucearirc 
tiuDS  of  Tour  diflerent  imrts  of  tlic  ekelcton.  Tbcse  are,  Qnl. 
oftbo  number  of  the  toes  of  the  auterior  foot ;  second,  tbe  reduclion  In 
number  and  development  of  Ibo  canine  and  incisor  loelh  ;  tbinl,  the 
of  closure  of  the  meaLus  audilorius  externus  below  ;  anil,  fourth.  In  the 
velopnient  of  Ibc  dermal  horns  of  the  nose  and  lis  supports.  Whila  lb 
characters  have  tliat  tangible  and  meaGurable  quantity  which  reodeia  Hi 
availahlo  for  generic  diagnosis,  there  are  others  which  poaseas  a  dni 
slgnlQcance,  and  wbicli  I  hnve  noticed  In  an  article  pablUlied  in  the  buD*- 
tin  of  the  U.  6.  Oeotogical  .Survey  of  the  Territories  fnr  September  I8>t. 

Tills  series  may  be  represented  in  gunealogical  relation,  as  rollows  :* 
Calodonfa. 


Aphtiopn. 


ZalabU. 


Dicrrixtharium. 


Catu>pu». 

The  early  type,  which  corresponds  most  nearly  n-ilh  Caitoyvt.  uf 
which  preceded  both  it  and  Ibe  Aeeralh^ia  id  time,  is  thi-  gi-nus  TripUftI 
Cope,  which  lias  left  a  species  in  tlie  Upper  Bridger  n(  Wyoming,  tttn 
the  Incisors  are  probably  j  snd  the  canines  }.  This  fonnnla  i 
of  Ibe  Eocene  tapirs,  where  the  normal  numbers  1|  prevail.  TrifUffi 
further  dilTera  In  the  primitive  condition  of  the  premolars  aliove,  whidi,  ■ 
in  the  Lophiodontidm,  differ  from  the  molars  In  their  greater  slmplie^n 
Thus  It  is  probable  that  taplroids,  probably  Lophiodoatiia.  save  ori^a  B 
the  Bhinoetrida.  aa  Harsh  has  suggested.  A.nd  it  is  further  allnea 
probable  that  the  general  type  of  deutliion  presented  by  tlie  Rhin* 
Tjophioiontidm,  lAc,  which  I  liave  named  the  iwtiiMiiheriodnnt,  totdt  il 
origin  from  ihe  type  which  is  intermediate  belweeo  it  and  thu  buni)t]oa( 
vi2,  the  symborodont,  as  I  have  pointed  out  in  an  essay  on  this  subJeoL 

The  first  appearance  of  dermal  horns  was  apparently  In  a  pair  plK 
transversely  on  the  nasal  bones,  in  species  of  Eocene  hophiodoiitiia  of  It 
genus  Oolnnoetriit.    The  same  character  has  liocu  nliscrvnl  by  Xanfa  i| 
species   of  the  Lower  Miocene,  which  probably  belong  lu  Ihe  true  J" 
etrida,  and   which  he   hits  called  Dieeralheriiim.     This   genas  app««ra  II 
have  terminated  the  line  exhibiting  this  structure,  and  the  family  In  K 
America  remained  without  horn.     As  we  have  seen,  ibo  lypeo  (wmmi 
the  median  horn  arose  in  Europe,  Id  the  OtraU'rhinn^  *e!iltU7^aeitr(  (P 
the  Middle  Miocene,  and  still  survives. 


OVU  [Cop*. 

It  may  be  obseiT»d  io  conclusion  tliaC  a  successive  increase  of  siie  in  Ihe 
sprciee  of  Ihte  line  lias  lafcen  place  in  North  America  with  tlie  advance  of 
geologic  time.  Thus,  Itieir  probable  ancestors  of  ibe  genua  Triplaput  were 
the  lensl  of  all.  The  Ccen^oda  of  theWUile  River  forniation  were  larger; 
tlie  oldest  C.  tnitf,  being  the  smallest.  The  Apbtloptt  of  the  Loup  River 
or  Upper  Miocene  formation  were  all  larger,  and  were  nearly  equal  ro  tlie 
Inrgie  eiisliug  species. 

TAPIRID^. 

The  goQcra  of  this  faoiily  are  not  numerous  as  yet.  The  oltlesr,  Littri- 
odon,  appears  in  llie  Middle  Miocene  (Gers,  France),  and  Tapirv*  Is  first 
found  in  the  Upper  Miocene  (Epplesheim),  Tlie  recent  species  of  tlie  fam- 
ily belong  to  Tapirui  L.,  and  Elamwgnalhui  (Gill),  A  small  species, 
Uie  TapiruUu  hgrueinut  Gerv.,  ia  from  a  bed  at  Perreal,  France,  which 
Piclet  has  identified  wilh  the  gyptum  nf  Paris  (Oiigocene).  Itiasome- 
limea  referred  to  Uiia  fatuily,  but  is  not  sufficiently  well  known  to  deter- 
mine its  position.  In  America,  LMrioiton,  or  a  genus  which  has  not  yet 
been  distinguished  from  it.  Is  found  In  the  Miocenes. 

The  tliree  genera  are  disllngiiisbed  as  follows  : 
Three  anterior  premolars  different  from  fourth  premolar 

and  (nie  molars  ;  last  inferior  molar  with  heel Littrlotlon. 

One  superior  premolar  different  from  trite  molars ;  no  heel 

of  third  interior  molar  ;  nasal  septum  canilagioous Tapirut. 

Like  Titpirui,  hut  nasal  septum  osseous EtatmoffnatAvM. 


CHAiICOTHERI!D.E. 

Gill;  Cope,  iVmerican  Naturalist.  1881,  p.  340. 

This  femily  had  numerous  representatives  during  Eocene  time,  and  a 
few  species  of  Chalkolherium  extended  into  Miocene  time.  The  bound- 
Aries  which  aepamie  the  family  from  the  LophiodontidiB  on  the  one  hand 
and  the  Menodontidix  on  the  other,  are  not  always  easy  to  determine. 
From  the  former  the  symmetrically  developed  external  Va  of  the  superior 
molars,  and  the  double  Vsof  the  inferior  molars  distinguish  it.  Tel  in  BAaga- 
Oitrium  ibe  external  Va  are  not  so  well  distinguished  as  in  other  Chalieo- 
tkeriida  ;  and  in  Fropaiaolheri-am,  the  anterior  cinguiar  cusp  produces  a 
part  of  the  assymmetry  found  in  the  Lophioilontida.  The  character  of  the 
double  inner  cusps  of  the  superior  premolars,  which  disiiuguisli  the 
Jlencdonlidit,  Is  only  applicable  to  the  lust  premolar  In  Diplaeodon  of  the 
latter,  while  a  trace  of  the  addliional  cusp  of  this  tooth  Is  found  In  the 
Chotiootheroid  NMtorUhtriavi. 

In  usinK  the  following  table  it  must  be  borne  In  mind  that  the  number  of 
Ibe  toes  has  been  determined  in  a  very  few  of  Ihe  genera.  Should  any 
of  ih«m  prove  to  have  bnt  three  digits  on  the  anterior  foot,  euch  genera 
must  be  referred  to  a  new  family  Intermediate  between  this  one  and  the 
PalactfUriidv. 

PROC.  AMBtt.  paiLos.  800.  SIX.  108.  2x.     pkisted  may  IR,  1891. 


c»p«o  "^^  iJLptn  w.  i 

!.  Interna]  cones  of  BUpfliior  molare  wpnrate  from  oxtenul  lobes. 

A,  Cusps  or  inferior  molars  doI  completely  uolled  -, 

a.  External  lobee  of  superior  molars  more  or  less  conic. 
InTerlnr  premolars  III  aad  IV  compressed,  thfee  lobed  ;  a  diaateout  bolb 

bebindand  lieKireP-m.  II }thagalk»rtuiit. 

AA.  Cuapa  of  iuferior  molura  united  into  two  Va. 

II,  Incisors  presenl. 

^.  No  diastema  in  fruut  i>r  second  inferior  premolar. 

Second  premolar  witUoul  inoi/r  lobe  ;  last  molur  with  one  Inner  cone 

LeuroMphalut. 
Second  premolar  wltb  Inaer  cone ;  last  superior  molar  with  an  Inner 

cone Palao*]iop». 

Second  premolar  with  inner  cone  ;  last  superior  molar  with   two   inner 

coneg Liamakgvt. 

^■i,  A  diastema  in  front  of  second  inferior  premoliir.  ■ 

Two  inner  cones  of  last  superior  molar , LiivU>ioth«rivm.    ^H 

an.  Incisors  absent  fVom  bolb  jaws.  ^^| 

Lust  superior  molar  wltli  one  internal  cone NettorUheri^im.    ^^| 

II.  One  or  bolb  internal  cusps  of  superior  molars  united  wiib  llje  exter- 
nal lubes  by  cross-crests. 
a.  External  cusps  of  superior  molars  more  or  lees  conic  ; 

An  anteroaiternal  cingular  cusp Propalaothtrium . 

aa.  External  lobes  of  superior  molars,  inflected  Va. 
(S.  No  crescentic  inner  lobes. 

No  intermediate  lobes 0/talic«thMrimn,  j 

^^,  One  or  more  lobes  of  eacli  mular  crescentic. 

In  termed  late  lobes,  and  one  internal  cone  of  superior  molars , 

Meniscothtrivm.   ' 
The  following  regions  have  thus  far  furnislied  species  of  tbo  above-men- 
tioned genera : 

Europe — Rhagatheritun,  PropahMtheriuui,  Ohalicotherlum. 
N,  America — Leuroeephaliu,  Paiaoggopt.   Limnuhfptt.   LambdothMiumt;  J 
Meniieotheriiim. 
Asia — Nei  loTitherium. 

Of  the  American  genera,  Leurottphalat  &,  S.  &  O.  has  been  Tound  bf  1 
the  Princeion  exploring  expedition  of  1877  in  the  Bridger  formuion,  but  I  * 
have  not  met  witli   it  myself,     MtnUtatlierium  Cope,  la  known  f rom  k 
eiogle  species  found  by  mysclfin  <be  Wnaatcii  formation  of  New  MokIm, 
and  described  in  my  report  lo  Capt,  G.  M.  Wlieeler  (1877). 
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Fia.X    Pari  of  right  njnsilinrj  Ij.piie  ol  Menisfuilin 
tbeWawtob  bed  of  New  Mexico.    From  KeiHirl  CapC.  u.  M.  Wbeelcr.  IV.  !■■ 
PI.  LXVI. 

MENODONTID^a:. 
Tlie  IciiowD  genera  of  this  family  are  not  numerous.    They  are  deOned 
a«  follow  a : 

I.  Vsof  inferior  molars  probably  incomplete  :  superior  roolBTS  wilh  in- 
termediate lulieTcIes, 

iDlenial  cusps  of  superior  molsrs  well  separated Aeoiiiui. 

II.  Inferior  molars  vritb  the  crowns  thrown  into  two  Vs ;   superior 
tDOtars  wiiliout  intermediate  tubercles. 

a.  Litst  superior  premolar  only  with  two  inner  tubercles. 
Incisors  present Diplarodon. 

iia.  All  the  superior  premolars  with  two  interior  cusps. 

Six  inferior  incisors,  canines  very  large Daodoa. 

Six  inferior  incisors  ;  canines  very  small Mfnudui. 

Vo  Inferior,  knd  four  amali  superior  incisors ;  canine  very  small 

The  Aral  appearance  oftblB  family  was  in  the  Early  Eocene  in  the  genus 

W^edtiu*  Cope,  wlilch  was  a  cotemporery  of  IIyraeo(heriiim,  niid  wliich  it 

LnMmblea  In  tome  rrapects.    Its  typical  species  was  calle<l  Byraeoiheriiim 

flithifum  by  Pictet,  its  describer.  but  Eowalewskj  has  already  ex- 

d  the  opiuion  tlint  the  species  does  not  belong  to  thai  genus.     It  is 

I  the  Lower  Eocene  of  MauremoDt.  Switzerland,     The  remaining 

Bnen  ore,  as  yet,  American,  excepting  one.  which  is  represented  by  an 

1  species,   not  yet  well  known.    Diplacodon,  in  its  simpltr  pre- 

1,  approaches  the  Chalieothtriidm,  and  is  tbc  oldest  of  tlie  American 

It  Is  (roia  the  Uinia  or  Upper  Eocene.     Mi7H>dua  and  Sgrnborodon, 

ftbieh  inclnde  some  species  of  gigantic  siite,  bclou!;  in  the  White  river  or 

while  Daodon  has  so  far  only  been  obtained  from  Ibe  Trufkeo 

|^  Upper  Oligt>cene. 


SIACRAUCHENIIO.B. 

But  one  genus  of  tliis  Tanilly  is  known  81  the  jiresenl  t,im«.  Tbe  Killa*> 
ing  are  the  denial  cliamcteia  at  Maerauchtnia.  PoniialB:  [.  ]  ;  C  ^S 
P.m.  I  ;  H.  f ,  forming  an  uaintcirupted  scries.  The  superior  molut  pi 
fenl  tiro  eilernal  Vs.  and  two  oblique  transreree  crests,  somewhat  ■*  U 
PaXmotkerium.  Tlie  spinoits  fomniioa  pierce  the  neural  arch  of  the  ilea 
rertebrw  (Ocrvais).  There  is  no  inlertrochlear  crest  of  the  liumeni^  b 
the  carpal  facets  of  the  radius  are  well  dislinguislied.  The  inlenul  maUe 
Ids  is  small,  but  the  fibular  inalleolus  is  coossified  with  the  tibia  at  an  cu^ 
age.  and  articulates  with  the  eatcaneum.  Tbe  trorhlea  of  tbe  aalralaga 
is  well  developed,  Tbe  laleral  digits  are  large,  and  the  dbttttl  keels  of  A 
melapodials  are  continued  on  the  anterior  face  of  the  condyle, 

Tbe  position  indicated  by  the  above  characters  is  a  renmrkable  one.  ' 
uninterrupted  dental  aeries  and  the  absence  of  Intertrochlear  hum 
crest,  arc  primitive  features  among  ungulate  Mammalia.     The  ndiocarp 
ariicutnlioD  is  facetted  as  in  higher  ungulates,  hut  lacks  the  Inferior  oob^ 
loid  face  oi  those  types.     The  completeness  of  the  mctaiHxlial  dIaUl  b 
is  a  feature  of  high  special! union,  only  Been  in  the   Equidas  of  thb  aii 
The  co5ssiScHlion  of  the  estemal  malleolus  is  also  a  chaJ'acter  pecuQar  II 
the  Equidtt  among  the  Pfriuoditttyia,     There  are  two  utbor   < 
which  are  not  elsewhere  found  in    ibis  order,  viz  :  the  articulation  rf  111 
fibula  with  the  calcaneum.  and  the  absence  of  tbe  vericbrarterial  c 
Tbe  former  belongs  to  the  Artiodaclj/la  generally,  and  to  the  ProbcMi 
and  the  lailer  to  the  ruminant  family  of  the  Cumtlida.    Thus  Ibo  Mm 
eheniida  stand  out  as  one  of  the  most  distinct  of  the  Guniliea  of  the  Ai 
daflyla,  and  one  to  which  we  may  Hntici[>ate   considerable 
future. 

But  two  species  of  Macrauckenia  are  known,  a  larger.  M.  putailkttia^ 
and  a  smaller,  M.  baUvifiti;  both  from  the  Pliocene  formation  of  ft 
America. 


mplai 


PALiOTHERIID^. 


This  family  has  been  already  defined  on  page  878.     In  i 
molar  le«lh,  wliich  in  tbe  upper  jaw  resemble  the   mnlai'H 
it  shows  an  advance  over  the  Chalifotheroid  and  other  geneni  of  thn 
Eocene.     In  fact,  it  baa  not  been  found  in  the  Lower  Boc«oe.  bal 
mences  in  the  Upper  Bocene  in  tlio  genera  Palaolktrium  •nd 
num.     Thence  it  extends  to  the  very  summit  of  the   Miocene,  and 
even  occur  in  the  European  Pliocene  (Prolohippm).    Iih  membcn  * 
considerable  range  <>(  variation  in  the  details  of  tbe  teeth  and  ftet,  b 
striking  break  of  family  importance  occurs.     The  most  noteworthy 
ruptlonlslbatwhichis  found  between  the  PuliMolhirinit  and  fUppati^riit^ 
where  there  is  a  change  in  the  fonn  of  the  proximal  extremity  of 
bnaierus  from  a  tapiroid  loa  borsellke  form,  and  a  modiacution  of  ■!■ 
flignificance  In  tbe  molar  teeth,  by  the  addition  of  a  deposit 


1881.]  Oirtf  [C^. 

Tbe  cbaraclen  of  tha  genera  are  as  Mlows  ; 

I.  Faiaotheriina.    Bicipital  groove  of  liunierus  Bimpic ;  leeiU  without 


R.  One  or  more  internal  luberclea  of  superior  molars  distinct. 

Sxtemal  Ye  ofsuperior  molars  not  well  diatingulBlied  ezlernallj: 

Aaekilophui. 
KAtenial  Ts  separated  by  a  vertical  rib ;  intermediate  tubercles  not  con- 

ueciing  fore  and  aft Palojtiotherium. 

External  Vs  separated  ;  intermediate  tubercles  extended  fore  and  &fL . 

Anchipput. 
aa.  Inlerual  tubercles  of  superior  true   nintars   continuous  witb    the 
IransTerae  ridges. 

Inferior  molars  witli  two  Vs  oaly;  Interal  toca  large Pal(r6(/'erium. 

Inferior  molars  witb  distinct  iniernal  tubercles ;  lateral  toes  small ;  a  Bliort 

fifth  melacarpul McMliippin, 

Inferior  molars  trith  cusps  at  the  inner  extremities  of  the  Vs  ;  lateral  toes 
email;  mi  fillh  metacarpal AnfhilheHum, 

II.   BippotlirrUna.     Bicipital  grooove  of  humerus  double ;  molars  witb 

cement  in  tbo  Talleya.     (Iniermediate  tubercles  connected  fore  and 

afti 

a.  One  or  more  internal  tubercles  of  superior  molars  distinct. 
Inner  lolies  of  inferior  molars  enlarged Bippolhfi-(um. 

aa.  tnternnl  tubercles  of  molars  not  distinct. 
Inner  lobes  of  inferior  molats  enlarged Pratohipput. 

Tlie  genera  nf  this  family  arc  generallj  of  less  antiquity  than  those  of 
tiie  Ohaiieolhtriida.  and  tliey  range  bom  tbe  Middle  Eocene  to  the  Plio- 
cene. Paloplnthtrium  is  found  in  the  Middle  Eocene,  and  is,  as  miglit  have 
been  anticipated,  more  nearly  allied  to  tbe  ChalicothtriidtB  than  any  other 
genus  of  litis  family.  PropalaoShtrium  is  not  far  removed  from  it.  An- 
ehUophut  is  upper  Eocene,  and  Is  allied  to  the  genua  jusi  named,  and  aiao 
to  Faehsnolophut  among  llie  Lophiodanlida.  These  early  genera  consli- 
tate  by  Iheir  similarity,  the  bond  of  connection  between  tbe  three  families 
which  in  their  later  iind  specialized  forms  arc  very  different  from  each 
Other.  Palaotherium  is  chieQy  found  in  tbe  Upiier  Eocene,  and  Meiohip- 
ptu  is  only  Icnown  from  tbe  White  river  or  Oiigocene,  an  age  between 
Eocene  and  Miocene.  Anrhitlitrium  coramencea  in  tbe  Middle  Miocene 
and  has  Anfhippai  for  a  colemporary,  Hippolhtrium  existed  only  in  tbe 
hitter  part  of  Ihe  Miocene  Epoch,  consistently  with  the  greally  speclaliEed 
■imcture  of  its  limbs  and  teeth,  and  the  nearly  allied  Prolohippui  lived 
with  It;  while  in  Europe  a  species  with  the  same  type  of  molar  leelh  la 
ftmnd  in  the  Pliocene  epoch  (Forsyth -Major).  These  forms  were  cotem- 
ponrT'  with  the  Equi'la,  which  outlived  them.  They  have  many  points  of 
Keemblnace  to  that  family,  but  nevertlieless  remain  at  a  considerable  inter- 
val from  ihcm  in  the  airucture  of  the  fcei. 
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The  geogropliical  distribution  of  tliosf  genera,  b 
edge  sbowp,  is  w  follows : 
Norih  America  alone — ihiohipput,  Anehipput. 
North  America  and  Europe — ArKhiihrrium,  Hippolheri'atu,  Protakiffii».\ 
Europe  only— ,4 ncAi'Iopft in,  Palopiothfrivm.  PaUtothtrittm. 

EQUID^. 
The  two  genera  of  this  Taniily  arc  d'tatioguiBlied  a,t  follows  : 

iDternal  lobes  of  eaperior  molars  subequal ffippidtrnm 

Anterior  internal    lobes  of    auporior  inolare  much  larger  than   tbe  po»-  I 

Tbe  genus  Sippidium  h  extinct,  and  Its  speeies  hare  been  thus  far  found  I 
only  in  North  and  )^outh  America,  in  beds  of  Pliocene  age.  Eqm 
its  appearance  during  the  sajue  period,  and  is  represented  hjr  screral  exbc-  I 
ing  species. 

Besides  the  reduction  in  the  number  of  diglte.  which  is  carried  bnbir  I 
here  than  in  any  other  family  of  Mammalia,  there  are  sevemi  other  diir-  \ 
acterislics  of  specialization.  Thus  in  the  dentition,  the  spaces  betw 
tuberclesare  filled  with  cementum,  Tbcse  valleys  are  generally  deep,  owin;  I 
to  the  prismatic  fbrms  of  the  molars.  The  cups  of  the  i 
plelely  developed,  and  also  filled  with  cemenium.  There  are  two  blejpilil  I 
grooves  of  the  humerus.  Tbe  preceding  charactei^  are  also  funnd  tn  Uit  | 
Mippol/iert'ina  ofthe  Palaotheriida. 

The  Eqaida  adds  another  evidence  of  greater  special  izat ion  thaa  Um  I 
latter  group  in  the  structure  of  its  feet,  i.  ».,  the  distal  metapodiitl  keete  ur  | 
completed  forwards,  as  in  most  ruminants. 

The  similarity  of  the  modifications  which  have  supervened  on  the  Ai^-  I 
dactyleand  PerisBodactyle  lines  in  attaining  their  most  specialiKeU  etinai  | 
has  often  been  noticed.  I  repeiit  them  here  in  labulnr  forrn  ia  V 
columns.  These  show  (Table  I)  the  modificalEons  tn  which  the  E^tiit  I 
and  Bmida  are  identical  or  nearly  so,  which  place  them  at  the  hfsdiof  I 
their  respective  orders ;  Table  II,  those  in  which  the  S^ida  ai 
more  specialieedof  the  two;  and  Table  III,  those  in  which  the  BatUmHi-  | 
pUyi  the  highest  dlfierentiatlon. 
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Aort  on  IhB  Slriielure  of  the  PoiUfior  Foot  of  Tatoion.     B^  E.  D.  0«j4. 

The  position  ol  the  genua  Toxodoaia  thcs}^lem(if  UniamBlia,  U  ft  qiu*- 
tion  upon  which  Tew  uuthoritlea  have  expressed  positive  opinionK  uA 
which  ia  gcneniil<r  regarded  as  alill  &□  opeii  qnestiou.  In  the  lack  a[  otr 
tftinly  on  the  subjecl,  a  separate  order,  the  "  Toxodonlia,"  lilts  iMsea 
posed  for  iia  reception.  It  is  known  that  the  gcDiis  is  unguUie^  Imi 
the  opinions  of  authore  are  much  divided  as  to  ita  relallooB  lo  the  th» 
principal  orders  included  under  that  hend.  Reaemblancea  to  the  Prtitt- 
cid*a  have  been  delected,  but  ProfMsor  0«rvHlB  (Couiptee  1tendu\ 
aawrts  lliat  tlieru  is  a  close  reaemblnnce  to  tlie  genus  Hippopotamut 
structure  of  the  posterior  fool, 

HftTing  come  into  poaseasion  of  remains  of  Totoilon,  which  ioclud?  tit 
greater  pan.  of  ihe  skeleton,  I  make  a  few  obsorTatiims  on  ilip  >(Bnito 
suggested  by  llie  posterior  loiil,  the  only  portion  just  now  MCceasible 
collection.    Tlie  calcanenm  and  asirsgaius  hare  been  more  or  lees 
fectly  figured  by  Db  Blainville  and  Burraeistor,  but  no  one  has,  lo  idj 
.  knowledge,  represented  Ihe  entire  foot.  The  calcaneum  is  rather  short  afi 
stout,  and  its  external  ci>nve£  lut>ero9ity  is  of  unusual  size,     lis  articiiUr 
surface  is  divided  into  two  subequal  parts,   the  internnl  of    which  cup- 
ports  the  astragalus,  thf  external  the  fibula.    Tlius  tlie  fibular  artlculailns 
is  of  unusual  »'ae.    The  cuboid  facc't  is  on  the  inferior  face  of  the  ti- 
Iremity  of  tlic  calcaneum,  thus  looking  directly  downwards  when  the  bow 
is  prone.  In  order  Inarticulate  with  Ihe  remainderofllie  foot,  IheOilouici 
must  have  been  inclined  upwards  and  forwards  at  an  angle  at  i!}',  and  I 
cuboid  inclined  downwards  and  forwards  at  a  similar  angle.    That  tlii>  • 
of  the  aatragaliu  had  the  latter  inclination   is  provi^n  by  the  fikct  Ihal  I 
superior  plane  of  the  sustentaculum  lies  at  that  angle  to  the  axia  of  tlie 
mainder  of  the  calcaneum.    The  great  convexity  of  the  <-xlemiil  tal 
F<r  the  astragalus  will  also  permit  of  such  a  position  for  the  aai 
The  navicular  facet  of  the  astragalus  is  plane  and  Inincnlca  Ibr  bM 
somewhat  inferiorly  as  well  as  distally,  so   as  to  pnwent  in  Uie  «n 
way    as    the    cuboid.     There    is    probably    no   cnbold    fnc«L    I    ha* 
not  seen  the  cuDeiform  bones.    The  metatarsals  and  phalangos  an  nM 
and  rather  short.     The  distal  keels  of  the  fornier  are  posterior  and  nU 
mental.     Their  proximal  extremities  have  a  small  Inlcml  tarsal  foMt  ■ 
well  as  the  principal  one.    The  median  digits  are  of  unequal  length,  iM 
the  lateral  ones  are  much  shorti^r.  but  robust.     Whether  iherp  are  Ahit  < 
five  digits  I  cannot  deSnitely  ascertain. 

The  above  cbaraclerislica  are  very  significant.  They  at  once  refil(e  sQ 
supposition  of  affinity  lo  the  ArtioAacigta,  whether  sullllne  of  ramilMl 
The  form  of  the  aatragalus  and  wide  fibular  condyle  of  the  caleueM 
opposes  the  reference  of  the  genus  to  the  Periuodafltila.  On  the  olW 
hand,  all  the  characters  of  the  feet  thus  far  adduced,  are  found  in  ibe  fn 
boieidfi.  They  are  not  only  those  of  that  order,  but  they  are  carrlsd  td 
degree  of  exaggeration,  as  though  Toxodon  repreecoled  a  high  giadt  < 
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■podklixnlloa  or  that  order.  The  posterior  Teet  were  rooro  truly  pliuitt- 
gmAe.  tilt  Ite  extremily  of  the  cnlcaneum  renclied  the  ground,  while  the 
■  nstcp  was  elovated  above  It.  iH^ing  aupporltxl,  no  doubt,  by  a  roon)  or  less 
^lAfttic  pad.  This  arched  or  an^late  plantigrade  type  of  foot,  has  a  remote 
pnrullel  in  tbut  of  man.    It  is  quite  unique  among  ungulate  MiimtiMlia. 

What  dlDIcuilieg  tlie  other  purls  of  the  slceleton  may  present,  I  do  not  yet 
Bcnow,  hut  I  perceive  nothing  in  the  dentitlan  which  forbids  the  reference 
tfsf  Toxodon  to  the  Probotcidia.  The  dentition  is  s<;arccly  more  dllTerent 
from  tbat  of  Matlvdan  or  Sinot/Mrifim,  tlian  that  of  Soi  is  from  Dieotyita 
or  mppopotamut.  Tlie  former  genera  may  be  the  extremities  of  a  aeries 
-wboee  intermediate  memhora  are  as  yet  undiscovered.  In  the  latter  case; 
«.lie  inlermcdiato  forma  ore  mostly  known. 


Stated  Meeting,  May  6, 1881. 

Present,  22  membera. 

President,  Mr.  Fralev,  in  the  Cimir. 


t3apt.  McCauley  and  Mr.  Ellis  Yarnall,  two  newly-elected 
mbcrs  were  iutroduced  to  the  presiding  officer  and  took 
—  ■iiiir  seats. 

Visitor,  Lieut.-Coramander  Gorrin^e,  U.  S,  N. 

Letters  acknowledging  receipt  of  diplomas  were  received 

*Vom  Messre.  W.  B.  Taylor,  C.  P.  Patterson,  Asaph  Hall,  J. 

'     -J.  Stevenson.  C.  F.  Adams,  J.  F.  Manstield,  A.8.  McCreath, 

-J.  Dooglfie,  Jr.,  L.  M.  Haupt,  R.  H.  Alison,  0.  W.  Holmes, 

]      -A.lvan  CUrk  and  J.  J.  Sylvester. 

Letters  accepting  membership  were  received  from  Mr. 
Alvan  Clark, dated  Cambridgeport,  Mass.,  April  25th  ;  Prof. 
J.  J.  Sylvester,  dated  Baltimore,  April  25th  ;  Judge  Wm. 
Butler,  dated  Philadelphia,  May  6th ;  Prof.  E.  A.  Barber, 
4101  "Walnut  street,  Philadelphia,  April  25th,  and  Mr.  W. 
W.  Griscom,  2009  Pine  street,  Philadelphia,  April  18,  1881. 
Letters  of  acknowledgment  for  publication,  and  letters  of 
*nToy  were  read  from  the  Mus^e  Guiniet,  Herr  Sommerbrodt, 
of  Breslau,  April  11th,  1881 ;  the  Physico-Central  Observa- 
tory, St.   Petersburg,   the   Smithsonian   Institution,    April 

VWX.  .tHEU.    I-UILU*    HOC.  XIX'  108.  'it.      PltlN TED  JOKE  1,   1881. 
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15th,  ami  the  Bureau  of  Ethnology,  J,  "W.  Powell,  Uirector, 
April  25  th. 

donations  for  the  Library  were  received  from  St.  Pelee 
burg  Botanical  Garden  ;  Swedisb  Bureau  of  Statistics; 
JuliuB  Somnierbrodt,  of  Breslau ;  R,  Belgian  Academy ;  G 
graphical  Society,  of  Bordeaux  ;  Reviata  Euskara,  of  P« 
plona;  R,  Academics  at  Turin  and  Rome  ;  R.  Astronomia 
Society;  Society  of  Antiquaries;  Dr.  C.  W.  Siemens; 
guBtuB  Mongredien ;  London  Nature ;  Hon,  R.  C.  Winlhroj 
Boston  Academy  ;  American  Journal  of  Scieuce ;  An 
Philosophical  Association  ;  Essex  Institut«;  Ameriei 
tiquarinn  Society ;  Harvard  University  Bulletin  ;  Samo 
H.  Scudder;  Astor  Library  ;  Microscopical  Journal  ;  Jam 
J.  Talbot;  Geol.  Survey  of  New  Jersey  ;  Penua.  Magszio 
Engineer's  Club,  Franklin  Institute,  Pharmaceutical  . 
elation,  Prof.  E.  A.  Barber,  Numismatic  Society,  Penl 
Hospital  for  the  lusaue,  Penna.  Museum  and  School  of  f 
duBtrial  Art,  Am.  Journal  of  Pharmacy,  Medical  IScn 
Prof.  L.  M.  Haupt,  Mr.  Henry  Phillips,  Jr.;  Maryland  E 
torical  Society;  Smithsonian  Institution,  Anthropologia 
Society ;  War  Department ;  Hon.  W.  D.  Kelly  ;  Mr.  J« 
Hotchkiss;  Mr.  Chas.  C.  Jones,  of  Savannah  ;  Wtscou 
Nat.  History  Society  ;  Ministerio  de  Fomento. 

The  death  of  Prof.  A.  Delesse,  at  Paris,  March  24th,  ag 
63,  was  reported. 

Mr.  Frazer  exhibited  coins;  and  also  specimens  of  tJ 
granite,  cement,  lead,  bronze  and  steel  used  by  EgyptiaM* 
erecting  the  obelisk  now  in  New  York,  and  sections  of  d 
granite  under  the  microscope. 

On  motion  of  Mr.  E.  E.  Price,  the  thanks  of  the  S«il| 
were  voted  to  Lieut.-Commander  Qorringe  for  th«  p0 
gratification  he  had  aftbrded  the  members,  Ity  tlieexhibltiB 
of  many  rare  and  valuable  ancient  coins  of  Egypt,  Mm 
donia,  Greece  and  Rome ;  and  to  Mr.  D.  S.  Holtnan  fortt 
assistance  in  rendering  them  visible  to  all  by  his  megwoi' 

Mr,  Ashburner  exhibited  a  Buite  of  maps  of  (iH  ■ 
the  British  coal  fields. 


■^5  tOhBucc. 

Dr.  Chance  communicated  a  paper  cntitlwl  "  An  analysis 
of  the  Fire-damp  Explosions  in  the  Anthracite  coal  mines, 
from  1870  to  1880." 

Mr.  Fraley  reported  tliat  he  had  received  the  last  install- 
zneat  of  the  Michanx  legacy,  amounting  to  $131.18,  and, 
paid  it  over  to  th&  Treasurer. 

And  the  meeting  was  adjourned. 


Am  Analysii  of  tht  Fire-damp  Explotiont  in  th*  Ant/irneiU   Coal  Mine; 
from  1870  to  1880.     Sy  H.  M.  Ohanee,  M.  D. 

(Read  htfort  the  Amwitan  Phitoinpl.iral  8oei»ty,  Mui/  a,  1881.) 

Tlie  Uibte  wblch  formB  the  subject  innUer  of  thlspnitor  is  coiupilnl  (Vom 
Uie  reports  (if  tbe  Inspectors  of  HI  iocs,  Tor  the  years  Troin  1870  to  1879  Inclu- 
ahre.  In  it  are  included  all  recorded  explosionH,  whether  resulting  io  serious 
or  trivial  casualties.  The  majority  of  these  were  caused  by  the  iiniitloaof 
bnt  a  few  cubic  Teet  of  e:tplo9ive  mixture,  but  some  were  terrible  dis- 
aUcrs.  the  victimH  of  which  may  be  numbered  by  Hcorea. 
■  The  lotul  nnmber  of  recoi'ded  esplosious  is  630,  the  number  of  casualties 
'tl97,  and  of  these  23S  resulted  fatally.  Aa  the  reports  for  two  or  three 
1  complete,  these  flgtires  do  not  represent  the  exact  number  of 
Jtwnaltiea  ;  but  Ihey  express  sufflcienlly  well  the  rutiu  betwuuu  the  explo- 
Hioas  and  the  number  of  miners  injured  by  them. 

During  these  years  the  enplosion  of  flre-damp  was  the  cause  of  sixteen 
,5Br  cent,  of  the  total  casualties  reported  by  the  InspeclorB,  of  eleven  per 
'■ML  of  the  fatal  accidents  and  of  eighteen  per  cent,  of  the  non  -  fatal  cas- 

ExPLosioMs  or  FiRB-DAur. 


1870. 1*1871.  1873.    1873.    IS74.  tl87G.  pSK.   I8IT.    1878.    ISffi,  TobJ. 


.^ToMl- 


[^  fiiploaloni  la  EMtero  District  or  Laserne,  not  Inaluded  In  t 

^KiplOBton*  In  Southern  Dlslrlat  of  Carbon  and  LuEerne,  no) 
^■nmn  tor  1875. 
t4ti>RH>litn  DULrlol  iKitlstlDH  omitted  from  report  for  lR7fl. 
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Tile  t&ble  Is  arranged  to  sbow  the  number  of  eiplnaionB 
iQDnili  of  the  year  Tor  ten  jeara.  tiad  liie  right  hand  column  Uw  ni 
for  each  month  orihe  whole  period. 

An  iospeclinn  of  l&tler  column  stiowB  at  onco  that  tttna  April  to  O 
the  number  of  eitplosluits  is  far  grenler  than  t1iat  of  the  remainiaE  n 
of  the  year.  Id  these  aevea  mouths  463  explosions  are  rccotxlvd,  ui  ■ 
age  of  alxty-aix  for  each  month,  but  fur  the  r«niaining  five  muatlis  (J 
Feb.,  March.  Not.  and  Dec.)  we  Und  but  216  oxploaione,  an  aver 
but  forty-three  for  each  of  these  months. 

Temporary  or  partial  euspcnsion  of  mining  during  some  part  nf  ll 
mnntliB  in  certain  years  nmy  partly  nct'ounl  for  this  difference,  but  is  toi 
quate  to  explain  so  marked  a  contract  between  the  gmaps  of  tnuu 
cold  months. 

It  seems  pnibnhle,  that  If  a  closer  difierentiatlon  c:ould  be  made,  ll  w 
be  found  that  many  of  the  explosions  occurring  during  the  wnna  omm 
happened  at  or  immodlntely  following  a  short  period  of  unusual  wan 
during  which  the  ventilating  current  waeeomewhaldiminiaUnl  in  stMl 
At  such  a  time,  when  unusual  warmth  with  high  baromctvr  luul  etIaM 
one  or  two  days,  asuUden  fall  in  the  barometric  column,  praugingal 
or  general  storm  would  surely  be  followed  by  an  Increuaed  oiaifiowirf 
which  might  readily  iMcome  explosive  at  the  working  taue  whila  lb 
still  remained  safe  in  the  upcast.* 

The  low  rate  of  July  may  be  due  in  part  to  partial  anspensirtn  of  e| 
tions  during  lliat  month,  and  the  high  rales  of  November  nnd  C 
high  compared  to  those  of  January.  February  and  March,  arc  probabtfl 
in  part  to  steady  working  to  supply  the  winter  demand,  andtbalowl 
of  the  remaining  winter  months  ta  partial  suspension  of  wnrb. 

The  maximum  rate  in  May,  and  the  next  in  rank,  Oolobur.  am  JtwU 
months  apart.    Are  these  months  subject  1o  griMter  and  more  aniidi 
frequent  barometric  chances  than  otliers  in  this  part  of  the  United  Ed 

A  list  of  the  most  serious  collier/  diaastota  in  Oreat  Britain,  from  111 
1H66  inclusive,  develops  the  interesting  fact  that  out  of  fortj-ltveospl 
ten  occurred  in  June  and  eight  In  December,  periods  Just  six  mnaitwif 

The  table  is  as  follows  : 

January 

February 


April.. 
May. . . 


ufe  perceatBH 
ooDilltlon  of  gnat  dnn 


>r  Ran  In  the  npcut  oorrenpntida  to  i 
g  face  tla  plaoeB  whero  "acennialal 
nt.  In  tbe  Qpeast,  making  lliree  lint 


r.  Tbe  above  described  melAorOloRlesl  coailllU 


^Jj  [Ohauee. 

No.  of 

Jtm» 10 

July. 4 

AngOBl 3 

Bci>tember 2 

Oclober 4 

Niivomber S 

'    D«ceiabeT 8 

Tolftl 45 

s  list  embraces  only  tliu  cxpldsionB  rc3ulliii)£  in  grenl  Inss  of  life.  The 
IS  of  life  wu  30,  and  tlie  mnximum,  llie  Oaks  Hiuc  dlsnster, 
mber.  1666,  was  303  ;  lite  low  of  life  (.ggrepttes  3031,  tm  average  of 
n  S8  tat  eacb  disAstpr. 

currence  of  iliree  of  lUese  explosions  on  June  2,  1863  (at  Wftsh- 
m.  GuindriEtli  and  Ciipiml),  and  iwn  of  the  moat  fatal  on  December 
'  lath  and  I3tli,  1866  (the  '-OakB"  and  "Talk  o"  ilie  nill").  hy  which  363 
tuid  t>3  lives  were  lost,  certainly  point  t<>  atmnapheric  disturhance  as  the 
inuncdiate  cause.  The  occurrence  of  a  large  percentage  of  Uioae  disastere 
St  •cmi-annual  periods.  June  and  December,  seems  to  indicale  the  occiir- 
ren(«  [in  Great  Btitain)  during  these  months  of  uo usually  high  barometer, 
followed  by  a  decided  Gill,  as  the  probable  cause  of  these  great  oulbursta 
<rfg»s. 

Bat  the  problem  I  have  been  oonsidering  is  somewhat  different,  for  the 
table  embraces  all  the  explosions,  whether  large  or  gLnall,  occurring  during 
tke  ten  years.  Is  shows  a  decidedly  larger  number  for  the  warm  than  for 
Uie  cold  months,  and  therefore  points  primarily  rather  to  impairment  of 
Teotilaiion  from  high  temperature  than  to  barometric  changes  as  the  true 
EHunc  of  the  difrercnce :  but  the  occurrence  of  two  maxiuiun  periods.  Hay 
Mud  Uctulier,  seems  to  indicate  that  barometric  changes  have  also  exercised 
KB  important  intlaence  on  the  relative  etllux  of  gas. 

The  amirant  of  rise  and  fall  does  not  seem  to  have  a  perceptible  effect, 
for  Uie  monthly  barometric  n,iige\s  gnaleit  during  the  cold  montht,  whereas 
flre-damp  explosions  are  most  frequent  during  the  warm  months.  Fre- 
qaesl  and  abrupt  changes  from  high  to  relatively  low  barometric  pres- 
turc,  are  tiie  proliable  cause  of  many  exploeioDS.  though  the  movement  of 
the  mercury  may  not  amount  to  more  than  one'eiglith  or  one-quarter  of 
tn  inch.  An  unusually  hijih  barometric  column  is  always 
coming  danger. 
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Lesto)'.] 

19:1:  13  :8.  32;  14  :3:  17  :  5;  SO  :8  :  22  :  4;  .Tudg.  R  :  17Riid  Ih^S 
23,  the  root  "y^ff  fwyond  is  ap]>li«ilotbeGile)iilaDdUna)ian  (cnst)Mi]enrib 
Jordan,  il  is  applied  in  JorL.  n  :  1 ;  S  :  1 ;  12  :  T  and  1  Cliron.  3fl  :  30  I 
directly  the  opposilu  way,  to  the  Ephmiiii  and  Juduh  (west)  side  d  tl 
Jordan.* 

The  only  plauaible  explanalion  comos  from  tliu  fhrt  thnt  the  trita 
settled  to  tbc  east  nnd  to  the  woet  of  llie  Jordan  spolio  of  «acli  oilitri 
beyoiuUrt ;  and  the  song  of  DctxiraU  shnws  In  bow  1>{ttcr  a  e|Hril 
epithet  could  be  cmiiloyod  ;  while  the  addrcea  of  Jepihali  <thQ  OUra 
aeeniB  'xo  ignore  tlie  irilies  on  the  west  side  altogether,  at  if  ibey  wor 
IsiacliteH. 

If  the  theory  be  tenable  thnt  the  Abrahamidie  or  Terabit^s  i 
towarde  PaleBtine  not  lYoiii  the  direction  of  Kurdistnn  nnd  AsByrla,  bi 
from  Babylonia,  by  way  of  Yemen,  up  the  east  coast  of  th<.>  K«(l  Sa 
through  HidiaD,  into  Edom  and  Moab,  long  before  the  Exodus,  It  fbl]a« 
that  ihey  would  bo  rocognized  hy  the  HorilM  or  irogljditi^  {.Hur,  a  tKii 
of  Petrea,  as  "foreignera"  (Hebrews),  and  might  possibly  be  ( 
by  I 'ircu instances  to  accept  the  epithet. 

irpart  of  this  migration  was  represeuied  by  the  Kenii*ft.  and  1(11 
Belf  was  the  sonf  of  tlie  Eenite  Scheik  Jethrof  nod  was  a«nl  by  Unit 
bring  anollier  eneiavcd  part  of  the  migraiioa,  back,  over  tbi-  deacrl.  la  U 
comfortable  settlements  in  Petr&ii, — then  it  becomes  pmbubli-  that  tha  oa 
"Hebrews"  is  merely  a  patronymic  for  Btiii  Beber.xita  defcemlantt « 
Heber  the  (original)  Eenite. 

Oesenius  long  ago  wrote  ;  "  Heber.  the  founder  of  the  Hebrew 
10  :24,  35:  11  :  14,  15,"  and  referred  to  the  cxpresBlon  Btni  //rA«r  in  Qa 
10  :  31,  and  the  poetical  cxpreseion  }M)er  (Hebrews)  in  Num-  24  :  94. 

The  LXX  spells  Heber.  ' E.3sp,  and  'E^sp.  He  was  son  of  gabh  ai 
tkther  of  Peleg  (the  Philistines).  The  Jews  have  always  oonsidcred  ki 
their  national  putronym.  The  Heber  of  Judges  4  :  11,  17 ;  S  :  S4, 
spelled  diflerently.  "i^n.  LXX  ^a^cp,  Chaher,  and  be  must  h«ire  lirdl 
century  or  two  after  Hoses ;  for  he  was  a  descendant  of  Bob&b.  md  i 
Jethro  and  brother-in-law  of  Moses.  Many  changT>s  hnd  occurriML 
EenitCB  were  amalgamated  with  the  other  Hebrew  trlhcsj  niicl  lUia  vreUlll 
sheik,  Heber.  who  had  married  Jael,  lived  in  the  extreme  north  of  P 
tine,  and  was  a  friend  of  the  King  of  Damascus.  The  rough  •prlUnf^ 
hia  name  suggusls  a  northern  palois, 

In  the  word  Bphraim.  then,  we  may  have  mcroly  another  <lial«clk  ip 
Ing  of  the  word  Ebrnim  (Hobrowa.)     It  Is  written  In  our  Ilobrewlc  ^^ 
0">SK,  APRIM.  and  is  a  suffldentiy  precise  roprodacUon  of  ttip'APTIlB 
of  the  papyri.    As  the  latins  namllMd  ihoir  final  M,  and  ignored  il  faiM 
uing.  so  the  Hebrew  plural  Anal  im  would  disappear  in  Egyptian,  and  M 
replaced  by  the  regular  Egyptian  ploml  termination  c. 

'Beyond  the  Amon,  O^jraivl  the  ssa.  andaaveiHl  the  HTer1Rup))nitaar>a>**l* 
expmslons  Id  am. 
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If  Eiiyplologisls  be  now  inclined  lo  reject  ihe  APURtT=OBRIM  flle- 
brovrV  theory,  they  can  hnrdly  have  renson  ro  reject  un  APDRU^APRIM 
(Bphnim)  theory,  if  It  were  eug^Ktedi  and  the  object  of  theso  notes  is  lo 
snggest  It,  with  the  grounds  for  it!i  consideration :  not,  bnwever,  on  the 
»H<i  of  Egyptian  philology,  but  on  the  side  of  Hebrew  hisiory. 

A  recent  anonymons  work  on  "Tiie  Hebrew  Migration  from  BKypt" 
(London,  18711),  dmws  attontton  to  the  fact  that  the  account  of  the  BkoduB 
eoUal4-*  two  diHtinct  stories  from  different  sources,  in  one  of  which  the  term 
braMtM  only.  aJid  in  the  other  Ihe  term  Uehr«u>»  only,  Is  applied  to  tlie 
emignting  people;  and  that  one  of  these  stories  speaSis  also  of  a  "mixed 
latiltitude  "  formings  separate  jiart  of  the  cmigmtion,'* 

JiLCob  represents  the  Hebrew  race  in  tho  tmditionR  of  Judali  find  the 
Boutli :  Joseph  represents  Ihn  Helirow  race  in  Egypt  ;  Eplintim  in  the  bia- 
Utry  of  the  northern  division ;  und  Reuben  in  that  of  the  ttAnnjordaiiic  pro*- 
Inoes.  Tlie  distinction  between  l\\e  Beni'j'idnh  and  Beiii-itriiri  perr&des 
P*l09linian  literature  from  first  K>  lasL  It  is  plain  to  aee  that  some  stirpal 
twrrier  divided  Ihe  northern  Ihim  the  southem  parts  of  the  country,  and 
tliat  they  were  never  united  except  during  the  abort  dynasty  of  David  and 
tiolomon.  Judub  was  not  Ismcl.  and  never  had  been.  Ephralin  atone  was 
Isruil.  "To  your  tents  Oh,  Israel ;  wlmt  part  tiaie  wo  in  Ditvid  .  .  . 
to  Jtriiti  departed  unto  ilieir  tents.  But  over  the  BeiH-hmd,  wbo  lived  in 
Uie  cities  otJiuUih.  Rehobonm  continued  to  reign."  His  own  people  were 
not  Beni-israet.  but  "in/n  ofJadiih." 

If  the  cliildren  of  Israel  then  were  Hebrews  and  not  Jews,  and  if 
Epbraini  va»  practically  Israel,!  tbc  exclusive  and  specific  use  of  Ibe  term 
Ht&rrtrt  in  tho  story  of  the  Exodus  practically  confines  Itie  liistory  of  the 
exodus  lo  the  Bciii-jmepK  the  descendants  of  Ephnuiu  and  Manitssab. 

But  the  numc  ifniiantah  Is  not  a  Hebrew  but  an  Egyptian  word  ;  while 
the  name  Hiihniim  is  par  excellence  a  Hebrew  word.  There  is  a  atrting 
prtibabilily  then  that  while  Ephraim  meant  the  Hebrew  division  of  the 
«migratioQ,  Manawah  meant  the  "mixed  multitude,"  jiartly  Egyptian  and 
partly  perhnpA  Kenite.  Hidianite,  or  whiLt  not. 

The  word  Afniuimah  rcnpjiears  in  Hebrew  history,  after  the  Inpse  of  ,500 
jearB,uBibu  name  of  a  Icing  of  Judah  (not  of  Israel)  ;  and  evidently  not  us 
A  survival  of  wlmt  hod  been  a  common  personal  or  family  name,  but  as  en 
Egyptian  name;  for.  It  comes  to  view  in  company  with  other  Egyptian 
names,  nnd  in  consequence  of  the  alliance  of  Solomon  with  a  reigning 
Pharaoh,  whose  daughter  he  made  bis  queen,  or  first  lady  of  tho  harem. 
His  other  wives  wen-  princesses  of  surrounding  Slieniilic  tribes.  Their 
children  wure  baptized  with  Shemiiic  names ;  but  htr  children  probably 
received  Eg)'ptian  names. 

•A  short  raiuintfoF  ilie  whole  linok  la  glttn  In  Ihe  ISth  or  last  chapter.  What- 
ever ibu  aalhor  might  think  nf  the  an^ignBtecl  connectlou  of  Hrtiraim  anil 
^phmlna.  cannot  be  Mild.    It  certainly  Uta  lota  his  eic««aia. 

f  Th«  nwl  of  tlie  Irlhm  (except  Levli  play  a  cnrlonsl;  subDRllnste  role  In  the 
whole  story;  are  ilroppetl  out  of  It  early,  and  are  AtArcely  even  liicliloiitally 
tuetitloned  nflerwnriU, 
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A-fter  the  cmwa  of  Bolotnoii  had  Jesccnded  U>  the  )<hemltc  Itchubiiuii 
(whose  ninthcr  was  Naatnuli  Ibe  AtniiiuuSta),  Ibu  Plmruuli  BhistiiMk 
(Shislutk)  looted  Jerusalem,  in  the  cause  of  his  (Bhlslink's)  pn>i^£c;,  Ji 
iKiiim  uf  Israel. 

Jeroboam's  wife  Maafhak  carried  an  Bgirptian  namo ;  she  n* 
daughter  of  Abbhalom  (&ther  of  ponce),  u  Sbemiie,  who  liad  |tnibi 
nmrried  uu  Egyptian  girl,  pcrhapij  one  of  those  bred  at  Sototnon's  ooun. 

Abijitk,  JerolHXim's  son  and  aucccaaor.  had  a  pure  8ti«aitt«  nunc;  tfibl 
priesUf  Judean  chronicler  (3  Cbron.  xiii.  1}  sjiells  il  rightly  :  for  K  n 
"My  father  Jab."    It  has  a  variant,  Ab^aha,  meaning  "whoM  fiulwih 
Jah." 

The  Judean  historian  of  1  Kings  <xv.  ;  1,  &c.1,  Always  Epolls  tt  Mil 
which  should  mean  in  Hebrew  "  My  father  the  sea  i "  but  OeseniuB  U 
laieB  it  "  Father  of  the  sea  ;  mV  marUimut ;  "  the  sailor. 

Without  llie  points  these  two  forma  read  simijly  A.BIG  (LXX  'ujMIt 
HDd  ABIH  (LXX  d^t..o).  The  flrst  form  is  anticipated  in  Abiab  ABIK 
(LSX.  again  n,5iri)  oneofOissoasoTSa.m\ic\ipatr.rJchoTm.vSriUtiiiu,i.f 
uheloMii^,  Ges.  !) — and  again  in  AbihH.  ABIEUA,  (LXX  dfltvoi)" 
son  of  Aaron.  The  absurd  and  only  (Ilebrewl  etymology  aaggeate 
thianamois  "Fatberofhim."  "  to  whom  He  (Go<l>  is  father."  NoiUif 
can  lie  more  forced  and  improbable. 

It  is  very  significant  that,  of  the  four  sons  assigned  to  Aaron,  vi»..X»J«tl 
Abilia,  Eleazcr  and  Ilhamar,  two  of  them,  Nailab  rinU  lliis  Ahiha.  on* 
struck  dead  "for  oSering  strange  fire."  that  la.  for  worshiping  Jel>OTihi> 
(.wording  tosome  foreign  rites,  doubtless  Egyptian.f  Tile  Ntn  (HUA]  Unl 
in  Abibu'e  name  is  so  strongly  pronotinccd  that  it  must  have  som«  ■ 
signiBcance,  and  it  suggests  tlie  it^rii  sphyns  god  of  the  borizun.  If  Abfjik 
be  My  fiither  Jah,  AInkitii  is  Father  Ax"- 

Monen'  name  is  acknowledged  to  be  pure  Egj'ptiaa.     Aiirnn'i  n 
as  iwsitivcly  Egyptian  as  evidence  can  make  it ;  for  AKN  is  thi 
sacred  name  for  the  ark,  box,  ship  of  Isis,  sarcophaguH.  &c.     And  ihenll 
no  good  reason  to  be  urged  against  an  Egyptian  etymology  of  the  n 
Aaron's   tenth  descendent,   the  high  priest  Abinthiir,    ABlTbll  (LXX 
'a/itfiiiiip)  from  the  goddess  At/ior,  or  Hathor,  "the  huliitniiiin  of  Hmu" 
meaning  thr  Umple,  or  Bbrine.    AInathar  would  then  mean  simptf  tl 
"father,"  or  "guardian  of  the  shrine." 

■This  Ua  meretjoiiresBlon  orctymolOKlealdespwrnllnn  ;  and  coat*  iIIm9*IHM 
the  wholeserJpsoIiiAmesbeglnnlni;  w)lh  Ab  nna  Abt.  One  nilglit  JiMtu 
propose  to  derive  the  Hebrew  word  nr'3l*  Ablja-ah.  "dcalre,  appaltl^  1« 
alio  "tbe  berry  of  the  caper  buxh"  (tbought  to  be  pmvoeatlveot  IiuuAmb 
and  Jonflb— "  Father  or  Jonah,"  or  "  whoHB  (aiher  li  Jonali."  So,  ■oon  I 
B«erle>l  that  AMhwl  (I  Ch.S;  »)  miiiit  have  moBot  "wh«e  t»th*r  1*  Jada 
AbigaU  "  ffhoae  tnlher  !■  Joy."  Abidan  (Num.  1 :  11),  "  father  or  lb*  Ind 
allbaiiKta  he  was  hliDBStf  n  JudRC;  &c.  Only  when  a  name  In  elearly  trrluaa 
(like  AMeur  "^lysM.  "  father  of  Help,"  f.  «.,  the  beneOeentl,  mn  tbtui  tXfm 
flet  be  conililered  probable. 

tUoiupam  the  Aplb  rebelllou  oi>uducti:d  by  Aaruo,  Tor  wliloh  be  alu  imtUh' 
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To  return  now  to  the  EiiigB  of  Juilah  :  Ahi/'ili  or  Abfjnm  walked  iu  all 
Uie  tauM  of  Ilk  &t}ier.  that  is,  did  not  worship  Jetiaviih  ;  or.  at  IcUBt,  wor- 
Bliiped  other  doilies  bIbo. 

Amu.  sod  nnd  sni^ccssor  of  Abijam,  had  one  of  the  purest  of  Egyptian 
Dkmea ;  a  name  l>orne  by  the  Fourth  Pharaoh  of  the  Filth  DynoACy.  called 
"  the  good  Alia."  and  t>y  the  Eighth  ot  the  same  dynasty,  called  simply 
"Jwo,"  with  the  forename  Tnlhim.  The  word  meant,  In  Egyptluo, 
image  oratatue.     Queen  Uatasou  called  the  temple  she  built  to  Uathor, 

It  is  an  odd  but  characteristic  clerical  error  in  1  Kings  xv.  10,  tliat  the 
ftcribe  repeats  of  Asa  what  he  liad  before  said  of  bis  foOier.  Abijah,  that 
his  moilier  (not  grandmother)  wiiB  Miuiehah,  daughter  of  Aliisbalom.  Tbts 
chronicler  (3  Ch.  xi,  SO)  says  tbnt  Moacimb  whs  Abijoli's  mother,  and 
says  nothing  about  Am 'smother.  But  he  letaua  into  the  SInle  of  Jehovah 
worship  thus :  Azariah  went  to  meet  Aaa  returning  from  n.  great  victory 
over  the  Cushitcs,  and  said...."  Jehovah  is  with  yoa..,.yoirfor  a  long 
MfUKRi  firatl  {hatA  bren)  ailkoat  llui  true  Qod,  and  without  atenchitig  prli^st 

and  without  law When  Asa  heard  these  words he  put  away  the 

kbotninnble  idols  out  of  nil  the  land  of  Judab  and  Benjiimin and  re- 
newed the  altar  of  Jehovah,"  &C.  The  baby  Am  might  well  bear  ii  puro 
Egyptian  name. 

Jetuithiphiit  was  the  son  and  successor  of  Asa.  Both  lie  and  his  mother. 
Aznbnb  daughter  of  Sbilbi,  Iiave  therefore  Hebrew  names ;  aud  be  seems 
to  have  followed  his  father's  f^ilh  iK  Jchovali,  and  to  biive  been  in  fact 
&  xealot,  eaublishing  a  sort  of  colportage  system  thn^ugbout  the  south 
country,  and  Bp|>ointing  cleriatl  judges  (Shopheliin)  everywhere. 

Jehoratu,  Jehosbapbat's  son  and  successor,  had  six  brotliers :  and  all 
sevon  liad  liooesi  Hebrew  names.  But  Jehorum  slew  his  six  brothers  ; 
nurried  Abab's  daughter ;  and  let  loose  idolatrj-  again  in  Judab.  AR«r 
a  long  and  disaatroUR  reign  be  Is  made  to  die,  like  the  apoalnte  Julian,  ot 
BODiB  horrible  bowel  complaint,  as  a  punishment  for  bis  defoction  from 
JeltoTsh,  and  was  refused  burial  in  the  royal  tombs  (on  Egyptian  punish- 
ment). 

AAtiiUiA,  son  of  Jebornin.  reigned  but  one  year,  and  was  murdered  by 
Jehu,  the  usurper  of  Israel,  All  his  family  were  then  destroyed  by  his 
mother,  Atbalinh,  c.<tccpt  little  Jonsh,  who  was  concealed  by  the  high 
priest,  Jehoiada.  in  the  temple  for  seven  years ;  and  then  a  revolution 
placed  him  on  the  throne,  which  he  rededicated  to  Jehovnb. 

Joa»lt,  is  certainly  Hebrew  for  Throdfirt-,  "  God  Riven."  The  name  was 
tx>rne  not  only  by  this  eighth  King  of  Judab.  but  also  by  the  twelfth  King 
of  Isnel,  which  secures  its  Semitic  character.  His  mother's  name  was 
Zlbtebof  Beershebab.  Ailer  Jehoiada 's  death,  this  king  plunged  into  the 
indulgence  of  all  the  popular  idolatries ;  and  among  ilie  violences  which 
occumd  were : — the  bmous  stoning  of  the  prophet  Zechariah  ;  the  slaying 
of  Jvlioiada's  sons :  the  victorious  invasion  of  the  Syrians ;  and  the  assas- 
jui nation  of  Jonah. 
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Amti^/th  (a  Hebrew  name)  Biiccc^ded  to  the  IhrnnP.  ITis  mothvr  »■« 
JehcmiiUanof  Jerasalem.  He  served  Jehovah  ;  deSiKl  Joosh  of  Isnich  n* 
defcaUd  nod  mined,  tind  allcrwards  &ssussi Dated.  His  pietj'  luw&nls  Jtlw- 
vab  bUkkI  him  tLS  little  in  stead  aa  did  his  doscendnnt's,  Josiah. 

Ai'iHah  (^Uuiiik),  his  sou.  had  a  long,  pious  and  prusp^'rons  ratgatf 
flflf -two  years.  Jecholiah  of  Jerusalem  was  bis  mother.  He  beCMM  * 
leper,  and  his  son  Jotham  a?ted  ka  regent. 

Jotluan'g  molher  was  Jerusha,  iliiitghter  of  Zndok  (a  pricstlf  nine], 
and  ho  worshiped  Jehovah,  like  his  father.  One  would  not  ox|)ocl  mf- 
lliins  non-Bemitic  In  his  name,  DOT  (lOTliM).  and  it  Is  prohMbly  ri^l^ 
tmnslaled  "Jehovah  (is)  upright;"  but  it  is  constructed  precisely  on  Uu 
Egyptinn  plan  in  all  those  cnrlouches  containing  nefr.r  «nd  *•'/.  It  b  n 
ancient  name  also,  for  it  occurs  in  the  history  of  the  times  of  the  JudgCi 
(0:  5)  as  the  name  of  a  son  ofQideon  (LXX  yiSzmv,  pi'lj,  perhaps  "IIM- 
cuttcr,"  or  impetuous  warrior.     Ges). 

AJuu,  his  son,  fuccceded,  and  sent  for  Tiglatb  Pileair  to  come  and  eurf 
off  tlie  Brni-Uriul.  He  sacriflc^d  his  own  son  to  Moloch ;  nnd  one  is  WiIJ 
not  tn  find  bis  mother's  name  recorded,  (or  she  wae  probably  a  Ibfdgiief. 
and  gave  him  his  name. 

The  curious  thing  about  this  word  jriK,  LXX  'a/ns  (Joscpliiu  'd^^ff) 
in  this  case  \s,  that  it  sianda  alone,  pure  and  simple  :  wherejis  In  the  on 
of  JAiiEiah  the  sixth  King  of  Judnh,  his  direct  ancestor,  and  JJInddl 
the  seventh  King  of  Israel,  the  word  is  joined  to  the  name  of  Jah,  "■boa 
Jehovah  sustains,"  exactly  cituivalent  in  sense  to  the  Pharnonir  Kii-Ait-M 
IGtIi  cartouche  on  the  2d  tablet  of  Abydos,  Sol  tiuUint  Hfc ;  and  Uaittj. 
U3d  cartouche  on  the  same,  Sol  kin  miMtiiinrr. 

Ahut  would  represent  the  tat  standing  alone  in  the  cftrtonche. 

It  is  very  remarkable  to  find  Akh  and  AAntui/i  connected  In  Judah,  w( 
Aiita  the  Pharaoh  of  Eg>-pt  with  (he  surname  of  Tutkara. 

Ahaz  reigned  sixteen  years,  and  sxems  to  have  been  an  exceedia^jr 
heathenish  prince,  respecting  neither  Jcliovsh,  the  prlestliood,  nor  lh> 
prophetic  schools.  He  closed  the  (emple  of  Solomon,  No  wonder  l» 
dropped  the  Jab  from  the  name  which  be  inherittHl  from  liU  unrttwt 
Akinjiih  five  generations  back.  Under  bis  auspices  the  Pliynlceui  IW 
and  A siarte- worship  flourished,  as  it  did  at  Uiat  time  in  tbe  Delta  at  B|]r|L 

His  politics,  however,  were  not  Egyptian.  He  callod  in  to  hte  •U,  IM 
tbe  power  of  Egypt,  but  the  army  of  Pul,  King  of  AasyrlK.  and  htemt 
bis  vassal.  In  cimscquence,  Ful's  successor,  Tilgnth  Pjlenir,  added  OlW 
and  Galilee  to  bis  empire,  wiping  out  the  true  C/iilttreti  of  hrnel  Ihm  da 
Prorafscd  Laud.  The  hoanled  wealth  of  JuUnb  was  the  price  [sid  |ir  • 
merely  nominal  security  against  the  same  fotc.  From  this  iIaIa  of  Aha'i 
n'ign  in  Judab  we  liear  no  more  ofEplitaim  :  Ibe  lands  of  which  WinioV 
crowded  with  forced  colonials  from  Mcsopolamin,  hrihging  their  kagu^^ 
and  religions  wiib  them,  and  mixing  these  up  with  tbe  Hebrew  liiijimi 
and  the  worship  of  Jeh()vah. 

Ucitkiak  followed  Ahaz  on   tliu  throne  of  Juduh,  and   raignod  twatf 
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■ine  yeHw,  His  mother,  Abi  <raj  father),  wm  eridenily  a  Jewess,  iheJ 
dHiightcr  of  Fi  Jew.  Zakarintu  Slic  gave  her  son  a  ]g;enuine  Hebrew  nun 
HZQ-IE,  n'ntn,  "Ihu  atrength  or  Jehovah  ;"  fur  bUu  was  u  zealuua  wt 
shfper  of  the  true  fliith,  aoil  reared  her  sou  in  its  rigid  observaiice.  T 
verb  pm  (hazk)  means  to  bioil,  hold  TasI,  adhere,  cleave  to,  make  fir 
Mrvagllieu  and  be  strong.  In  this  sucundaiy  senHe  it  ngri'i^s  with  I 
EsyptiiUi  Tut,  and  illusiratm  Hxe  coast ructitm  of  such  royal  nnmea.  But 
it  can  have  no  direct  connection  witli  Egypt ;  fiir  it  is  amply  explained  by 
tlu  tlcltrcw  primary  seneo  of  the  word  as  used  in  speaking  r>f  fortifying  a 

His  name  characlsriised  the  prince.     He  was  the  great  reformer  of  Israel.  •. 
He.  in  fact,  created  Ihe  Jehovati  cultiis  in  Judiva  :  he  cluanscd  the  temple  ; 
restored  the  service ;  destroyed  idol  worship  out  of  tlie  land  -.  and  was  car- 
ried by  his  iconoclnst  zeal  so  far  as  to  break  to  pieces  and  cast  away  beyond  '1 
redemption   the   brazen  serpent   of  Moses,   preserved   for  centuries  h 
divinely  precious  relic  and  evidence  of  iJie  exodus  in  the  temple  of  Solo-  I 
Dion.    His  sacrlflces  to  Jehovah  were  on  tlie  vacmt  magiiiflceul  (Kale  ; 
bis  reslurBlioD   (If  we   may  not  call  It  his  incenfiiin)  of  the  great  festivalS'l 
made  the  whole  people  zealous  for  tba  law. 

The  Pasnover  now  first  hociime  national ;  and  by  the  total  dculruction  of  J 
ftll  bigh  plures.  Jerusalem  became  at  last  the  only  centre  of  cuuvocatlon.l 
and  Ml.  Moriah  the  only  place  of  worship  in  the  land. 

He  then  reconnnered  tlie  lost  provinces  ol  David's  kingdom  (Vi 
Philistines,  and  contracted  an  alliance  with  Egypt  against  Scnnachorilv.J 
Emperor  of  Assyria.  But  he  had  to  buy  oif  the  hitter  with  all  Ills  span  1 
treasures.  By  some  unexplained  accident  Sennacherib's  army  was  de-  ', 
Btroycd  and  Judah  saved.  On  this  being  known.  Ilezekiuli  received  a 
gratulatory  embassy  from  his  fellow -sufferer,  Merudach  Baladan,  King  of  3 
Babylon. 

On  the  occasion  of  his  hospilnhle  and  rather  ostentBlioua  reccplio 
Ibis  cmboasy,  Ihe  prophet  Itaiah  was  greatly  scandalized;  so,  at  least,  long  J 
sobsoquent  chroniclers  report. 

The  rest  of  his  life  was  peaceful!,  and  Judah  became  again  prosperous. 
reeervoir  was  constructed  west  of  the  city,  and  conduits  fur  a  larger  and  J 
more  regular  water  supply  added. 

Man-iuaeh  followed  hia  fallu-r  HcKekiaU. 

This  pure  Egyptian  name  follows  immediately  a  pure  Hebrew  nanio  ; 
•nd.  Idolatry  follows  immediately  the  must  zoaioua  JehovaUisni.  How  1 
tliia  to  be  aocoiintcd  for? 

Mnnaaseti's  mother's  name  was  Hepfnibnh.  na'XBn,  ifff  delight  i> 
This  is  tho  poetical  name  given  by  the  Second  Isaiah  (02  :  41  to  Ziait,  and  " 
explains  its  own  meaning.     It  may  have  been  a  Icrra  in  popular  use.  taken 
from  the  young  and  benutifiil  queen  of  the  pious  King  Ilezekiah  and 
applied  tQ  Jerusalem,     Or,  vice  rertu,   lle^tekiah  may  Imvc  endowed  his 
"b  with  this  pet  name  in  reference  to  his  own  delight  lu  Jehovah's 

t  fn  his  (He^ckkih'H)  temper  and  work.     But  in  any  case  Hi-pliKlhutt  J 
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must  have  disappointed  her  husband's  pious  expocUUOD  ;  fbr.  her  Mn  Ht- 
nnsseh  wfts  n  Jelioyah  hater ;  levened  all  his  fiit.her's  armng«mimis ;  n>a 
csiahtished  idolatry ;  erected  allara  lo  tlie  solar  and  lunar  deilies  hi  tl 
conrta  of  the  Temple  ;  degraded   Ihe  priestliood,  (ind  slew  tlic  pmfilHU 

Hezekiah's  policy  hod  been  to  ally  liloiself  with  EgypI  ngunst  SyrtL  1 
was  unsucceBsful,  and  he  was  saved  byaroysl^riousdisaaler  lo  Ui«  Aatyfttti 
host  while  U  lay  encamped  In  face  of  aD  Egyptian  annf. 

Hezekiah'B  alliance  with  EgypI  was  no  doubt  permanent. 

Did  he  marry  an  Egj'pTJan  princess  ? 

This  Is  nor  said  ;  but  neither  It  Hephzibah's  parentage  given.  The  udM' 
Heplixi-bah  is  euspiciouB.  It  is  capable  indeed  of  a  plain  Hebrew  rij* 
mology :  but  tb«  main  clement  In  It  Unpe.  facor,  delis/M.  1b  an 
translation  of  the  iiMit  tummou  tl^mrnl  in  nil  tlu  Bgj/jtttun  royul 
priiiMlt/  tuimf»,  Mrri,  belorfd.  The  great  Hamses  was  suntamcd  Jftn'-»- 
Bn.  belottd  nf  the  Sun,  or  the  Sun's  drlig/il.  which  would  Ih!  translated  IbIo 
Hebrew  Hephti-themeeh.*  And  a  bundled  ulher  ruyiil  Egyptian  naiiit 
surnames  are  constructed  by  composition  with  this  same  fienicDtal  Min. 
applied  lo  vurioos  olher  deities,  Itbc  .Unri-n-Plah.  Plal's  delighl;  Jlfi*^ 
k'ltkor.  Hathor's  delight,  Acf  It  would  be  even  possible  tluU  HephUibskf 
HP2I-BE  may  mean  Be'n  drliglu  ;  were  any  deity  known  named  B£. 


rublet  Abyilai  Is  Ra-tntri,  Sun'*  Ofliohl. 
ueaLgreclBedLheEg7ptJHQ«oartlHiiKquce,U)«atMk 
« meW  Id  omdnl  titles,  and  ID  ootnp&ratlTo  pbllalV 


idSoier.  "thepresorver."  by  ttai 


•TheSOlhKlogor 

tWbeDAIexnnder'GcoiKiueatgrecl 
V'i't"Clouk  tbeplaceuruilii  tneW]D< 
Is  lis  phonetic  equivalent. 

Tbe  Orst  Ptolemy  L-sgldoa  was  calli 
grulrcrul  Tor  hl<  aaaUtance  Detain st  Dt 

His  son,  born  In  Mempbla.  eduualeU  by  men  or  Egyptian  Inaming,  bnlldsi 
Arslnue  and  Berenice,  completer  of  the  great  canal,  constructor  of  lUe  gmt  III 
roail  BcroBs  the  Tbebnid.  founder  of  the  Ethiopian  mlonlal  eiitre)i6u,  ksd 
■torer  of  Egypt  to  lis  ancient  glory,  was  glorlfled  by  tbe  niillveii  lu  tlivir  c^^l 
patron  of  Che  ancient  learning.  His  library  paBsa«ied  MU,UUU  foils.  Calllniad 
Euclid.  ArlstarcbuB.Aratus.Tbeocrllus,  Apelles.  Manetbo  lliiii'tratail  b !■  m 
cnmplledhlBtory,  tanght  science  and  tmnsUled  the  Uebrew  RtM* 

The  Egyptians  gave  hlmur  be  gave  himself  the  surname  PhUaOttphjn^vit 
press  bis  ardent  love  for  Arslnoe,  bis  sister  (and  wife).  But.  surely  aiieli  ■  di 
would  DDtbave  been  adopted  except  In  a  land,  the  ancient  inunarclis  of  vl 
bad  so  often  compounded  tbeir  surnames,  on  tbe  same  principle,  wlUi 
word  jtfm",  "loving,"  or  "  beloved  of,"— and  asaally  some  divinity.  Amino*' 
Ptolemy's  goddess,  as  Hathor  bad  been  ofmany  an  older  nallve  Pliontoli. 

PUilemy  III,  Eucrgetes,  received  his  surname  from  the  Egyptian  prlaMlM 
111  reward  for  brlnglngbaolclo  their  proper  shrlnen  a  miilUtudeordlvlas  aim 
which  Cumbyses  had  carried  otrio  Persia.    He  also  loved  and  inarrloil  btsiwli 
sister  Ilerenlcs,  and  revenged  an  alTrontto  herby  oonquuring  Antloohiu  ThSiM- 
King  of  tiyrlo.  and  then  extended  bis  conquests  to  Baotria  and  Inilla- 
dam  Koad  and  (aicliful  servant,"  cried  tbe  priests,  "  thou  slinit  benciantrtb  IV 
called  by  Iho  name  of  the  last  and  greatest  Pbaraoli  of  tbe  most  nltola 
Sagfra,  EnerKetas.  tbe   beneflcent.  tbe   well    doer,   the   beiieftuilor. 
paLroulscd  the  ancient  lesmlng,  (Hee  truth's  ManelLo;  and  Die  Prlan 
I,  Ch.  2.  line,  H.J 

Ptolemy  IV,  Phllopater,  could  not  have  been  so  called  I exovpl  In  itaririM 
from  his  nilBl  piety,  lOr  he  was  supposeit  to  have  poisoned  his  dsUMt.  TU 
wretch  who  murdered  his  own  mother,  wife,  sister  iind  bmtbur,  was  coUal  ■! 
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Aad  UwK  was  not  only  a  god  Batl.  in  Ihe  BgyptUo  pantheon,  but 
m  cnrioos  deity  aomed  bbs,  said  in  one  or  tlie  l«xU  (o  have  come  from 
Arabia.  Tliia  goA  pretiidnd  ovpr  women'H  Innots.  dross  and  omainents, 
anil  was  the  especial  favorite  of  the  Kgyptinn  ladies.  Tlie  (IniU  n  in  Hepb- 
Klhah'?  name  is  well  known  as  the  equivalent  of  the  sibilant  {'ai^,  sel,&c) 
and  nephzih>ih,  witboal  any  Tioltince  can  be  read  Hephtibta.  Her  egyptiivn 
iditlairr  would  then  be  not  only  pronounced,  but  natural  snd  nalional. 

There  in  no  reason,  then,  for  excluding  solar  and  lunar  proclivities  fh)in 
Ibe  diar»cteristics  orHanasEch's  mother.  Her  son's  pnictlM:  would  natur- 
ally revert  to  solar  snd  lunar  worship  when  be  ascended  the  throne,  which 
\U!  did  at  the  early  age  of  eis  years  (6B!I  B.  C).  For  six  years,  at  least. 
afterwards,  he  would  be  governed  by  the  queen  dowager  and  her  friends ; 
and  by  thai  time  the  religlouB  reaction  would  have  acquired  Blabilily.  It 
is  not  surprising,  then,  that  his  diplomatic  policy  went  wholly  on  Egj'plian 
principles.  The  alliance  wlilch  his  fiither  made  with  Egypt  became  still 
ckiwr,  and  the  story  of  the  Frt-ach  restoration  in  ISIS  was  anticipated  by 
the  return  of  thousands  of  Emigres,  These  man.  all  of  tlieni  devoted  to 
rhatuieian  san  rites,  and  hating  JobvUro,  returned  fh>m  ^xjlo  at  McnipUis 
and  San.  Tyre  and  Sidon.  hot  with  revengeful  feelings  against  the  orthodox 
cultus  of  Judtea,  and  chargexl  with  the  religious  sentiments  prevalent 
among  the  vast  PhlI^niclan  population  of  the  Delta.  It  is  not  impossible 
ibat  the  name  MniuuMli  was  now  tint  assumed  by  the  young  king  ns  his 

The  supposliion  that  the  name  was  given  him  at  circumcision,  and  Hint 
It  waa  chosen  Iiecause  it  had  been  borne  by  the  eldest  sou  of  Joseph,  and 
was  one  of  the  tribal  names  of  Palestine,  is  improbable.  I.  Because  the 
tribes  of  Manasseb  and  Ephnim  were  hereditary  enemies  of  the  royal 
house  of  Judah,  and  3.  Uecause  those  two  tribes  lud  been  deported  to 
Assyria  before  Ibis  Slanussah  was  born.  It  is  poiuibU,  indeed,  that  .Vaiuu- 
uh  was  a  private  name  siill  in  common  use  in  the  kingdom  of  Israel ;  but 

Ute  Egyptian*  l^plvm,  Ihe  dovll;  and  b;  tbo  Orcoka  Oofltu,  on  acooont  of  bis 
dabaooherleii,  wblcti  brought  hi*  lire  to  an  end  In  IW  S7lb  year.  But  he  paid 
(niHt  publla  banon  to  the  mrmorjf  or  bis  fatber,  sud  may  bave  assumed  Uie 
name  Phllopalor.  Affrl-it-te/,  u  part  of  tbo  bypocrliy, 

Puilemjr  V.  oomlnit  to  the  (hrune  at  t  yennor  age,  and  to  tbe  government  at 
l(,  luuained  tbc  UlJe  ^Iplumet,  tho  illuatrloDs,  equivalent  to  tbe  name  of  the 
builder  or  thcsecnnd  py raiaiii,  Shufra  (Cha/rB),  aunllght,  the  shlulng  one.  He 
theu  murUoreil  the  wlie  and  faltbrul  regent  ArUlomeneii  (who  by  Iho  way 

two  I niurreot long  against  bis  tyranny,  Ha  hated  k Is  Syrian  wife  Cleopalni  (the 
nr*ll,  and  oourted  the  Komana,  and  was  Dnally  polooned  by  his  mlnlitera. 

PKileiny  IV.  PMiometor,  again  revives  In  his  name  Lbs  Meri  of  the  luonn- 
moiit*;  but  tbU  time  the  source  (or  object?}  of  atTectlon  It  not  the  (ktber,  but 
hia  mother  Cleupatra,  who  ruled  as  rejent  Irom  bU  Slh  to  bla  Hlh  year.nnd 
IherttOre  whom  lie  hated  cordlaMy.  During  bla  capllvUy  In  Syria,  the  Egyp- 
Itana  plaerd  on  tbe  tbrone  bts  brother— 

■■Lulemy  Vt,  EuergisLes  tl.  called  Kakergeles,  evil  doer,  by  IV 
anil  fitfoiia,  rrom  an  umblllual  taernla:  who  nfier  vurloua  atlvenlurea  ri 
eommDn,wlth  bia  brother,  under  tbo  proteeilon  oftheHomaiia.    li:heni  hi 
wof  history  of  the  Two  Slalera  In  this  double  rolgn. 
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on  thia  suppositlun  it  would  bucomc  necessary  lo  conaider  IlaphziUili 
an  l»nioliUEh  womua  iiiftrricl  at  tlie  co<irt  of  Jerusalom. 

MaiKinnih  is  s])ollod  in  Hubrew  with  four  kttore.  rwj3.  MNSE.    ! 
whetiier  litis  be  the  mode  lu  which  it  was  spelled  \>y  tlia  Bciiliu*  wf  Ilrui- 
kioli'a  court  wlien  his  sun  was  liorn.  in  705  B.  C.  ib 
wlietlier  the  Masoretie  prnnuaciation  of  the  uaue  in  titc  third  m 
ChrUt  approaches  at  all  the  sounil  of  the  name  as  iitteKil   bj" 
lUah'a  courtiers.     All  we  cau   go  bj  is  llie   Oreck  form  tfa 
which  it  was  caat  by  the  LXX  at  Alexandria  or  Hollopolta 
Eburth  century  before  Christ. 

Jewish  colonics  were  esiablisbed  in  Egypt  in  lite  old  ag»  oCi 
Jeremiah,  al>out  liSOB.C.  Tlie  tradilitimtl  pro n unci atiiio  of 
name  was  then  only  &  century  or  so  old  ;  two  centuries  mod 
have  essentially  altered  it.  If  the  Hebrew  B|>L'llJng,  Mkbe.  wni 
a  Shemiiie  eiptanaiion,  which  it  Is  not,  we  might  snppme  tliB 
the  LXX  to  be  a  modjllcation  of  it  under  Egyptian  literary  iullumce. 
it  is  quite  lis  allowable  to  suppose  tbnttbc  &  in  MN[AJSE.  nr  tha  A  a»d 
in  MN[AS]SB,  preserved  by  [be  Jewish  scribes  at  Alexaadria,  wmvloat 
Uiu  scribes  at  Tiberias  or  Babylon.* 

The  etymology  of  M<iiiJt»»ch,  son  of  Joseph  "who  tnakra  Torgct  "  lift 
Natha  tu  forget,  is  absurd.    Il  is  given  in  Qeu.  41  :  SI  thus  :  ■■And  Jow 

nuUni;  alone  he  married  hln  Hliiter  (who  bad  been  hla  brother'*  wlf«  Klitol.i 
munlereil  her  son  In  lier  arniB  oD  their  wedding  day.  Art«rwmnti  he  divort 
tier  and  married  HDoLlior  Cleopatm.  her  daughter  by  tils  brntber.  Hla  oro*!) 
ilrove  the  AlexanUrtuus  Into  all  other  connlrles,  whltUer  t.liey  oiirrlvd  th*  u 
learning  and  reliKlon  of  Egypt.  He  afterwards  inunlarod  Iili  own  uo:  a 
banished;  restored;  reigned  long;  waiiagreat  patron  ot  letlera,  aud  callnl 
■□me  the  Pb  lie  legist. 

Plolemy  Vllt,  Solerll,  was  immediately  eipellod  by  his  mother  aiiil  b<*w 
king  of  UypruB.  Afterwards  restored,  but  aol  aokDOWtolxeU  to  tlM  Tliettajil, 
reduced  the  great  ulty  orThebex  after  u,«lege  or  three  yeurs  tottA  presantruln 
condition.    He  wan  called  Lalhunit,  "ayetch,"  from  a  wart  on  his  noae. 

Alexander  Ptolemy  I,  murdered  bis  mother  and  wan  asaaulaiued. 

Alexander  Ptolemy  II  was  HltoaaaBseliialeCl. 

ir  Ptolemy  III  wu  banished,  and  died  at  Tyre,  leaving  bis  klncda 


tot 


e  Kiimi 


Ptolemy  XII,  Autttm.  the  flute  player,  reoelved  tbe  names 
il/dphHM.  Neodioni/nu  (Oslrli.  the  new  Baocbas).  He  munlerod 
nobles.  Heil  tu  Itonie,  lay  ooncealsd  a[  Eiiheaiia,  and  wit*  mtured  lA  poirer  by 
QablnluB,  murdered  hla  daughter  Berenice,  and  died  leavlnc  nrdi 
eldest  sou  unU  eldest  daughter  ahould  marry  and  reign  together,  Pouvfmy  balac 
their  guardian.    Hla  queen  was  tbe  last  i^ele  bra  ted  Cleopatra. 

•Supposlug  the  (Egyptian  M!I-ASflAi  name  to  bo  preauoted  fbf  wrltlM  la 
Jew  scribe,  he  would  have  spelled  It  MNSA-MaNaS-A, 
dupllcatloD  of  tbe  S  unusual  and  utiDeeessary, 

The  Act  thai  JKitnuiHA  (soil  or  Joseph)  Is  spelt  In  Hebrew  (Qen.  U  :U>XI(tf 
like  MnnnMth.  (the  tribal  namcJosh.  13:9;  IT.*)  Is  a\ 
wherever  the  name  was  found.  Its  spellings  would  li»  m 
aaifered  obangea  lu  tbe  ooiirae  of  centuries  Is  rendered  pnibubln  by  thalum 
MNHI  111  Duat.1;  U,  "  AadUolan  otBashaiiof  the  Uaaaultvs."  *013S  W33 
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Extract  from  the  By-Laws. 

CHAPTER  XII. 

OP   THE   MAGELLANIC   FUND. 

Skctton  1.  John  Hyacinth  de  Magellan,  in  London,  havin«c  in  the  year 
178<5  offered  to  the  Society,  as  a  donation,  the  sum  of  two  Inindred  guineas. 
to  be  by  them  vested  in  a  secure  and  i)ermanent  fund,  to  the  end  that  the 
interest  arising  therefrom  should  be  annually  disposed  of  in  premiums,  to 
Ik?  adjudged  by  them  to  the  author  of  the  l)est  discovery,  or  most  useful  in- 
vention, relating  to  Navigation,  Astn>nomy,  or  Natural  Philosophy  (mere 
natural  history  only  excepted) ;  and  the  Society  having  accepted  of  the 
aliove  donation,  they  hereby  publish  the  conditions,  prescribed  by  the 
donor  and  agreed  to  by  the  Society,  upon  which  the  said  annual  premiums 
will  be  awarded. 

CONDITIONS  OF   THE   MAGELLANIC   PREMIUM. 

1.  The  candidate  shall  send  his  discovery,  invention  or  improvement, 
addressed  to  the  President,  or  one  of  the  Vice-Presidents  of  the  Society, 
free  of  jwstage  or  other  charges  ;  and  shall  distinguish  his  juTt'ormance  by 
M>me  motto,  device,  or  other  signature,  at  his  pleasure.  Together  with 
his  discovery,  invention,  or  improvement,  he  shall  also  send  a  sealed  letter 
containing  the  same  motto,  deviee  or  signature,  and  subscri]»ed  with  tlie 
nnil  name  and  place  of  residence  of  the  author. 

2.  Persons  of  any  nation,  sect  or  denomination  whatever,  shall  be  ad- 
mitted as  candidates  for  this  premium. 

H.  No  discovery,  invention  or  improvement  shiijl  be  entitled  to  tliis 
premium,  which  hath  been  already  published,  or  for  which  the;  author 
hath  been  publicly  rewarded  elsewhere. 

4.  The  candidate  shall  communicate  his  discovery,  invention  or  imi)rove- 
ment,  either* in  the  English.  French,  (iernian.  or  Latin  language. 

5.  All  such  ctmimunications  shall  be  publicly  read  or  exhibited  to  the 
Society  at  some  stated  meeting,  not  less  than  om*  month  previous  to  the 
day  of  adjudication,  and  shall  at  all  times  beopi'n  to  the  inspection  of  sui-h 
members  as  shall  desire  it.  But  no  member  shall  carrv  home  with  him  tin* 
communicaticm.  descripti(m.  or  mode?!,  except  the  orticcr  to  whom  it  shall 
lie  entrusted  ;  nor  shall  such  otHcer  part  with  the  same  out  of  his  cu<tody. 
without  a  ."ipecial  order  of  the  SocicMy  for  that  purpose. 

(t.  The  Society,  having  previously  referred  the  several  communications 
from  candidates  for  the  prL-mium.  then  depending,  to  the  ciuisidenition  of 
the  twelve  counsellors  and  other  otlicers  of  the  .Society,  and  havijig  received 
their  rej)ort  tliereon.  shall,  at  one  of  their  slated  meeting*  in  th«*  month  of 
December,  annually.  atU*r  the  expimtion  of  this  current  yejir  (of  the  time 
and  place,  together  with  the  particular  occasion  of  which  meeting  due  no- 
tice shall  be  previ<msly  given,  by  public  advertisement)  j»rocced  to  final 
adjudication  of  the  said  premium  ;  and.  after  due  consi<lcnition  had,  a  vote 
shall  first  be  taken  on  this  question,  viz.:  Whether  any  r»f  the  communica- 
tions then  under  inspection  be  worthy  of  the  [irojiosed  premium?  If  this 
question  be  determined  in  the  negative,  the  whole  busineHs  kIuiII  1>c  de- 
ferred till  another  year;  but  if  in  the  afhrmative,  the  Society 


to  drlrrmliic  liy  linllut,  cK'<?n  liv  tlir  mrmlura  at  Xntgf,  tlw  dbi 
voniiou  or  iui|mivi.-iiiuiit  mo»l  uBufljl  nnd  worihy  -.  nnU  llial  d 
ri-mtcin.  or  imiinivtrai'm  wliicli  aliull   lie  Ibnii'l  m  bnv*  n  i 
roiiciirring  vntfii  ia  Iw  rnvnr  ^hnll  Iw  nui'cuKiifiil ;  and  Uu-tu  ftAJ 
Lhi-n.  ilii-  AraJfil  k-tti-r  aiivinipitnjiiig  iho  r.rnwni'il  ]UM<nmwii(i||ip 
oponi'd,  atid  ilie  uami'  ot  lUo  ftullior  DDoouncKLt  w  lh«  irttnoti  «nlM 
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<r  or  Ili(i  Society  who  iti  a  candiilntN  for  Iho  jircniltiiii  |] 

iliipniiiling.  or  wild  liitth  nut  pntvlnuely  dnrkred  t<i  tlin  J^^Hj,  thai  be  ti 
coueidcrcd  and  weigtioil,  ncmrding  lo  lln'  hful  of  tibt  }u(l)[nivtil,  ili«  e 
purative  merits  ol  tlii.'  Beverol  claims  tlicn  iindi-r  rifiuiilunlliii 
jvidgment.  or  givn  his  tow  Tn  awardintc  tin-  wiiil  |>n-inliini. 

S.  A  ruil  Hcunudl  of  tliC  uniWDfil  xubjeoL  hIiuII  In-  |iiib1blinil  I 
ricty.  AS  sonn  us  luny  b«  after  tho  ndjudlmiion,  niilinr  in 
culioii.  or  in  iDc  noxl  Bun-eoclliig  voIumu'  of  tlu'ir  TmDwu:tiaii\  a 

!P.  Till!  uiieut^cessful  pvrfbnimncus  stiiiU  n.-tiiaiti  under  o< 
ihcir  uuiLore  be  ronaidcreii  a»  cwiiiiiliilc-s  for  llic  p>n'inlnni  R 
next  fiUFcecdiiig  tlie  limn  of  Ihfir  pn!aPiitriii-nt  ;  ('xit'(it  «ud)  |l 
H»  iheir  nntliore  nmy,  in  ihi'  iiiMniltiir.  ililtik  tit  tn  w1\hdnw', 
Society  aimll  atiiiUiilly  [lublisli  un  abcrtnicl  of  tli<>  iIUl-ii,  objt^cl,  0 
Tiiitttt^r  of  thn  I'^imiii  II  nf  (Million  9,  ao  under  i^onsiilf  nit  inn ;  «uch  unly  riin!|Md 
ii»  ilio  Boeiul.y  Miall  tliiiili  nut  wortliy  of  public 

10.  The  letters  coivluiiilng  thn  numc-s  of  niitliors  whoHe  purl 
•hall  be  ntjertod,  or  wliit.li  »h»l1  bf  found  iinsncci-wful  after  r 
yearii.  Btiitll  be  imrnt  tJefoiv  the  Suduiy,  wilhiiiil  Im^itkfnit  Uitf  * 

11.  In  wiw  tlinn;  should  bp  h  fnllurp,  In  Any  yr«r.  »f  niiyw 
worthy  of  Ihe  priipoBiji]  pn-miiiiu,  llinrp  will  thrji  Im  two  [irKtilhlH 
iiwardi-il  the  ncW  ypAr.     Bm  no  iicoiiinnUt.lon  of  prrmlnin*  fJntI  viijS 
till-  author  lo  luori;  ihnn  (hip  iiremiuiu  for  any  one  dlicoii"^ 

12.  The  ]iroinIuni  alinll  eoiieift  of  an  oval  )duio  of  mlli: 
the  vnliic  of  leu  giiiupUB.  On  one  side  ihcrtiof  sliull  W  r: 
short  Lnlln  motto  snlti'd  to  thp  ocrasion,  together  *iih  i 
I'ri-'mliiin  of  .John  llyueinlh  dp  MiigcDiin,  of  London.  ■ 
year  1788:  nnd  on  the  olhiT  sidr  uf  1h.>  |>lii1c  shall  hr  i 
words:  "Awiirdi'd  by  Ihe  .\.  P.  8.  for  tin'  illMroveryof— 


liill  h 


■  filmll  he  u 


n  liii-  uipJul  bv  «  ribtuin  p 

■uf 


unid  pri-iitiuiii,  mid  lor  ihu  silrliiiuu.  to  ih^fiiii 
lit  the  Sof  li'iy  nmy  torn  limi!  to  titnc  think  -. 
tifiithirrpntmiurus. 
Tlif  irensnrcr  shi 
uioiiih  of  December 
of  the  biveaimcnt  lliMiMif. 
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1881.1  419  [Lesley. 

called  the  name  of  his  first  born  Manasseh ;  for  God  hath  made  mo  forget 
all  my  toil  and  all  my  father's  house.  And  the  name  of  the  second  called 
he  Ephraim :  for  God  hath  caused  me  to  be  fruitful  in  the  land  of  my 
affliction."  The  Hebrew  Scriptures  are  full  of  such  punning  etymologies 
of  later  times  when  true  meanins^  of  the  old  names  had  been  lost,  and 
new  meanings  had  to  be  invented  and  corroborated  by  fictitious  anec- 
dotes.* 

The  fiction  is  particularly  unfortunate  in  this  instance,  since  the  legend- 
ary name  of  Joseph's  wife  and  Manassah's  mother  is  Asenath,  AS-NUT 
"image  of  the  goddess  Naut,"  a  perfectly  well  known  Egyptian  compound. 
And  the  legendary  name  of  her  child  Manassa^  "Image  of  Menes,  agrees 
strictly  with  her  own."  One  of  the  elements  in  the  compound  being  the 
same  in  both  names;  and  the  demigod  first  Pharaoh  Menes  being  sub- 
stituted in  the  name  of  the  boy,  for  the  divine  Neith  in  the  name  of  the 
mother. 

The  name  of  the  founder  of  Egypt  is  written  MNA,  and  the  etymology 
claimed  for  it  is  got  from  the  verb  man  or  men  in  its  meaning  of  stability, 
preserved  in  the  Latin  manere,  to  remain.  The  word  AS  *is  used  monu- 
mentally for  throne  and  statue,  and  for  prince.  Both  throne  and  statue 
represent  royalty.  Man-Assa  would  then  mean  "firmly  established 
royal  power." 

Whether  this  was  really  the  sense  ascribed  to  the  name,  or  whether  it 
was  understood  in  some  other  sense  less  abstract,  matters  not.  The  only 
point  I  wish  to  illustrate  is  the  pure  Egyptian  quality  of  the  name  of  this 
King  of  Judah,  so  closely  allied  both  in  his  politics  and  in  his  religion, 
with  the  Egypt  of  his  day.  His  alliance  however  availed  him  little. 
Egypt  was  always  a  brolcen  reed  to  lean  on.  Esarhaddon  came  and 
Manassah  was  carried  away  captive  to  Babylon,  where  he  probably 
perished;!  although  the  priestly  tradition  is  that  he  repented,  was  re- 
stored to  his  throne,  and  became  a  pious  Jahvist,  dying  in  peace  at  the 

^The  language  of  the  hieroglyphics  was  gradually  made  a  "benefit  of  clergy  '* 
In  Egypt  it8elf;  and  It  is  more  than  doubtful  whether  Herodotus  was  permitted 
to  get  the  least  insight  into  it.  Diodorus  s^iows  clearly  that  in  his  day.  first 
eentary  B.  C.  it  was  a  sealed  book  to  the  most  carious  of  the  Greeks.  One  of 
the  most  striking  examples  of  this  ignorance  in  which  even  common  Egyptians 
were  kept,  is  adduced  by  Krall  (in  his  Manetho  und  Diodor,  Sltz.  d.  K.  AK.  d. 
Wifls.  1880,  p.  215).  Herodotus  found  on  the  roads  from  Ephesus  to  Phoccea,  and 
from  Sardes  to  Smyrna,  Egyptian  monuments  which  local  tradition  called 
Images  of  Memnon,  made  by  Sesostris,  on  one  of  which  was  an  inscription  in 
hieroglyphics  passing  f^m  one  shoulder  to  the  other.    He  gives  the  following 

elMrard  interpretation  of  it,  'e/'w  ttjv  dk  ttj)/  ywpav  atfiotat  Totq  Ifiottn 
€XTJj<rdfiiVj  **I  have  won  the  country  with  my  shoulders  (arms),"  as  quite 
reliable.  Knowing  nothing  of  the  language,  he  had  the  inscription  interpreted 
Ibr  him  by  one  of  the  Egyptian  colonists  at  Larissa  (a  city  not  far  to  the  south- 
east, founded  by  the  E^ytian  confederates  in  the  army  of  Croesus),  who, although 
anl^ptian,  knew  as  little  about  the  hieroglyphic  language  as  Herodotus  him- 
•elfdld. 

fin  tf  Kings  21 :  18,  nothing  is  said  about  his  repentance,  but  he  is  buried  in  his 
garden  Uxsa. 

7B0C.  AMBB.  FHIL08.  80C.  XIX.  109.  3a.      PBINTED  JULY  18,  1881. 
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age  of  68  (664  B.  C);  liaving  reigned  60  years,  a  longer  reign  than  ihB^^ 
any  other  Hebrew  monarch. 

**Amon  his  son  reigned  in  his  stead." 

Nothing  more  can  be  asked  in  demonstration  of  the  Egyptian  nam. 
the  royal  father ;  the  royal  son  bore  the  most  sacred  of  all  the  di« 
names  of  the  Egyptian  Pantheon,  AMN,  Ammon  Ra.    Consequent! 
"walked  in  all  his  father's  ways  and  served  the  idols  his  father  served, 
worshiped  them ;  forsaking  Jehovah,  god  of  his  fathers,  and  walking 
in  Jehovah's  ways," — but  only  for  two  years ;  for  at  the  age  of  M  his 
vants  slew  him ;  and  the  populace  slew  the  conspirators  and  placed  Jo 
on  the  throne. 

Josiah,  the  8  year  old  son  of  the  murdered  Amon,  was  a  pious  boy, 
a  staunch  Jahvist  King,  no  doubt  through  the  influence  of  his  mot 
Jedidah,  daughter  of  Adaiah  of  Boscath.     Her  name  m^T,  Ididi^ 
beloved  one,"  curiously  resembles  in  spirit  that  of  Manassah's  moi 
HepJizibah. 

Its  resemblance  to  the  pet  name  of  the  little  Solomon,  nnn^, 
"the  beloved  of  Jah,"  is  equally  remarkable,  especially  in  view  of 
likeness  which  this  last  bears  to  such  Egyptian  names  as  Meri-n-Ra, 
n-Amuriy  Meri-n-Ptah,  &c. 

The  difference  between  Idide  and  IdidiS,  may  indeed  not  have  beeoB- 
actual  one  ;  or,  may  have  resulted  from  the  difference  of  sex.     It  is,  h 
ever,  very  noteworthy  that  the  heathen  Amon*8  wife's  name  does  not 
to  have  included  the  Jahvist  element,  any  more  than  did  Heplizibah ; 
therefore,  we  nre  left  to  conjecture  that  it  was  bestowed  upon  her  by 
loving  spouse. 

The  name  of  their  son  Josiah,  LXX  \iy(Tia':^  in'C?K\  Jas'ieu,  "whom 
healed,"  if  this  be  its  correct  etymology  (from  k?K'  healed),  refers  direcr^ 
to  Jehoviil)  ;  and  the  wonder  is  that  Amon  should  have  given  such  a  na 
to  his  child.  It  is  (luite  possible,  however,  that  the  boy  was  saved  fr 
s(mie  serious  infantile  disease  by  a  priest-physician  of  the  native  religi 
and  that  the  infidel  father  was  superstitious  enough  to  give  the  natio 
deity  the  credit  of  the  cure. 

On  the  other  hand,  great  obscurity  hangs  over  the  true  etymology 
proper  names  ending  in  U.*   And  if  the  Mosoretic  pronunciation  Jo%hi(^ 
be  accepted,  another  very  disturbing  Egyptian  element  enters  the  na 

♦Some  of  the  Egyptian  names  ending  In  U  seem  to  have  been  considored 
lea.'it  by  the  hcribe.s  of  the  XVIII  XIX  Dynasties)  as  plurals,  because  they 
pealed  the  previous  letter  three  times,  or  followed  It  by  three  strokes  (b 
signs  ofplunil);  as  in  tlic  ca.'<e  of  Ra-aa-/eper(u)  71st  on  the  Tablet  Abydos; 
men-/ei)er(u)  72nd;  II<)r-men-Ka(ii)  3lRt;  Ra-...Ka(u)  58rd :  Rfi-neferKa 
5Uh  ;  Hor-  nefcrKa(u)  &Uh  ;  Ua-nub-Ka(u)  61st:  Ra-8hn-Ka(u)  63rd. 

«ut  in  Ra-nefor-Ka-shu-tu,  4.5th;   Ila-nefer-Ka-n-nu,  52nd;  Ra-ma-ma-;|fei — ^* 
6.5th  (a  very  rem.irltable  name,  involving  the  symbols  of  justification,  ft*c^*^ 
which,  as  I  liave  elsewhere  shown,  the  Greeks  got  their /iaxa/o?o?,  blesse^'^ 
the  flual  U  is  a  distinct  literal  element  of  the  name,  or  seems  to  be. 
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It  is  true  the  h  here  is  the  weak  n  and  not  the  strong  p;  ^iit  that  is  as 
open  to  conjecture  as  all  the  rest.     If  it  were  written  -nn^iyK'  then  we 

have  a  genitive  followed  by  a^o^  as  in  the  case  of  the  name  of  the  Sphinx 
Hor-m-a;j^u.  Or  yo  alone,  would  suggest  the  name  of  the  Euhemerist 
Pharaoh  ;^y-n-aten.  And  the  number  of  names  in  Egyptian  and  Hebrew 
as  well  as  in  Sanscrit  ending  in  U,  is  very  remarkable,  and  deserves  a 
special  investigation.  It  is  noteworthy  that  the  LXX  ^utfrti-^  does  not  ex- 
press the  final  u;  as  if  the  name  as  known  to  them  was  simply  Jas*'Ja'. 
* 'Jehovah  heals."  Again  there  seems  no  good  reason  for  the  transposition 
of  the  elements  of  Josuih  when  compared  with  Joshua,  which  is  written 
with  the  \;y  not  after  but  before  the  verb,  and  yet  is  translated  in  exactly 
the  same  way  by  the  etymologists  "whom  Jehovah  saves.'* 

The  fact  seems  to  be  that  1.  We  are  quite  ignorant  of  the  genuine 
original  forms  of  such  proper  names  ;  2.  We  are  equally  ignorant  of  the 
correct  meaning  of  their  elements,  even  such  as  they  have  come  to  us  by 
tradition  ;  and  3.  No  sound  canon  of  grammatical  interdependence  of 
the  elements  has  been  established  ;  and  that  because  exegetical  etymolo- 
gists have  been,  content  to  study  the  names  embodied  in  the  literature  of 
one  people  quite  apart  from  the  names  embodied  in  the  literatures  of  other 
nations. 

It  is  very  doubtful  if  the  name  of  the  hebrew  deity,  Jehovah,  is  at  all 
represented  in  a  multitude  of  proper  names  in  the  Old  Testament  for  the 
interpretation  of  which  it  has  been  taken  for  granted,  merely  on  the 
ground  that  they  were  or  are  supposed  to  have  been  hebrew  names. 

Josiah  is  a  flagrant  instance  of  this  uncertainty. 

Tlie  hebrew  history  of  this  monarch's  reign  is  of  the  highest  importance 
to  the  student  of  that  chronic  war  which  raged  in  Palestine  between  the 
Jehovah  cultus  and  various  other  religious  rites.  His  open,  powerful 
and  persistent  efforts  to  fix  the  national  mind  on  one  god,  Jehovah,  is 
described  as  commencing  in  his  20th  year  (the  12th  of  his  reign).  The 
chronicler  says,  that  when  he  was  only  16  years  old,  **  while  he  was  yet 
young,  he  began  to  seek  after  the  go<l  of  his  fathers."  This  would  imply 
that  before  that  he  had  been  an  idolater,  like  those  around  him.  The 
older  historian  says  nothing  of  this,  and  nothing  even  of  the  terrible  raid 
which,  in  his  20th  year,  the  chronicler  reports  him  as  making  upon  the 
high  places  of  Judah  and  Israel.  The  older  historian  passes  over  all  this 
and  commences  his  account  with  what  Josiah  did  in  his  26tli  year  (18th 
of  his  reign).  Both  accounts  then  agree  in  telling,  almost  in  the  same 
words,  how  he  sent  Shaphan,  the  scribe,  to  Hilkiah,  the  priest,  to  take 
account  of  the  temple  money  offerings,  and  to  apply  them  to  the  restora- 
tion of  the  dilapidated  edifice. 

Hilkiah  told  Shaphan  that  "he  had  found  tlie  book  of  tlie  law  in  the 
house  of  Jehovah. "  Shaphan  read  it;  and  read  it  to  Josiah,  who  rent 
his  clothes  in  dismay  at  its  contents,  and  ordered  Hilkiah,  Ahikam, 
Achbor  and  Shaphan  to  consult  the  oracle,   "to  inquire  of  Jehovah,  for 
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Wm  and  the  people  ami  11II  Judah.  (xmcerning  Uie  words  of  llie  boobs 
"for  great  la  tbe  nrntli  of  Jetiovalikiiidled  a)(amst  us  ;  because  cur/nfAe 
luiTe  not  heari;i?iied  uuto  the  wonts  of  this  book,  to  do  according  to  x 
that  la  written  concerning  ua." 

Haldah,  the  prophetesB,  viae  the  pjthonces  of  whom  tliej-  sought    «. 
oncle.    There  i^  no  mention  of  any  oracle  in  the  temple  Itself.    TI»-« 
seems  to  have  bt^on  do  Shekinali ;   no  lugh  priest  privileged  to  oslc 
Jehovah  hlmaeir. 

HnldahlaOiii,  ,k-9cribed;   -niildah,  the  prophetess,  wife  of  Shalli.^ 
ben-Tlkvah-beTilIiirhaii,*  Keeppr  of  the  Wardrobe.      She  dwell  in 
toOtgt  in  Jeruiiilem."     2  E.   22:  14.     This  is  evidently  an  eiplaaat-*: 
gloss  of  later  dale. 

Hiildah'Bpn>]ihecy  of  peace  to  the  King,  and  disa.ster  to  the  Kingdc::" 
then  causes  a  eoiivoRation ;  a  solemn  covenant  between  King,  per^ 
and  Jehovah  ;  a  couiplet^-  cleausing  of  Jemsalcm  and  of  the  whole  k^cc 
the  Btter  deatrucliou  of  all  idols,  and  abolition  of  strange  rites.     The  eb«^ 
is  TOry  elaborate,  itnd  fully  proves  the  prevalence  of  every  varielj' 
fbreign  cnltus  previiiusly,  and  the  virtual  invention  of  the  Passover 
a  national  ibstiviU  nt  this  timu.    And  it  lookn  as  if  the  whole  history 
the  Exodos  weic  invented  on  this  occasion  for  the  purpose  of  erecting 
Impregnable  biirric^r  iiguinst  Egyptian  influence  and  ideas. 

However  this  may  he,  the  Egyptian  alliance  was  so  completely  brolci 
Up,  that  when  the  Pharaoh  Necbo  look  Ihe  field  ogainsl  Assyria.  J<w£-- 
inlercepted  his  march  at  Hegiddo  in  the  north,  and  was  defeated 
slain,  in  spite  of  his  pious  zeal  for  Jehovah.  It  was  no  doubt  to  ecpli 
this  astounding  calamity,  that  the  story  of  Huldah  was  invented  a 
inli'oduced  into  the  annals  of  the  reign,  by  subsequent  liiatotiana. 

Jekoakaz,  Josiah's  son,  bore  the  name  of  a  much  more  ancient  Kin 
Israel,  son  of  Jehu. — It  is  retnarkable  that  Jehoaha*  is  said  to  have 
nnollier  name,  Skalium,  a^BJi  "attribution,"  which  was  the  name  of 
151h  King  of  Israel,  who  slew  Zecharish,  son  of  Jeroboam  11,  and  th 
extinguished  the  family  of  Jehu.     It  seems  perfectly  inexplicable  that  ll 
fanatical  Jahvist  Josiah  should  have  given  not  merely  one  but  two  accuisi 
names  to  his  son  and  heir  ;   and  that  one  of  these  names  should  ha' 
suggested  the  murder  of  the  man's  race  who  bore  the  other. — Andanoth- 
remarkable  thiug  is  tliat  SfuiUum  was  also  the  name  of  the  husband 
Huldah  the  prophetess. — Either  such  names  are  merely  the  inventions 
subsequent  chroniclers  ;  or,  they  are  mixed  up  in  the  history  so  as  to  divi 
them  of  all  personal  genuineness  ;  or,  they  were  bestowed  without  regai 
to  their  meanings ;    or,   lastly,  their  reputed  meanings   are   good  fc::;^ 
nothing. 

Jehoabaz  was  23  years  old,  and  only  reigned  three  months  after  tb^^^ 
defeat  and  death  of  his  father.     He  is  said  to  have  spent  these  thrtt^^ 

•Tbo  unccrtaint}'  surrountllag  bebrew  private  names  Is  exhltilteil  ber«;  l(^^ 
the  cbronlaler  |2  0tiron.  ixxlv,  22)  repeals  the  story  slmoat  verbatim,  and  70* 
given  tbls  name  Hnrbas  OTTin.  bb  Hasrab,  TI'^H.  a  totally  IrraoonoHsbls dlf- 
lerence,  not  to  be  explained  by  any  ordinary  blunder  of  transor^tloii. 
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ionths  in  upsetting  his  father's  Jahvism,  and  restoring  idolatry.     Necho, 
Q  his  aniyal  at  Jerusalem,  sent  him  a  prisoner  to  Riblah  in  northern 
yria,  and  made  Josiah's  brother,  Eliakimy  King,  turning  his  name  to 
ehoiakim. 
Eliakim,  j:^''^'^^,  ALIQIM,  is  supposed  to  mean  "God  has  appointed 

im"  (Ges.)  from  }:^'\T),  to  rise,  stand ;  a'p»  piel,  to  make  rise,  stand,  con- 

rm,  establish  &c.     If  this  be  so,  then  why  does  Gesenius  say  of   wp'^K 

5  Sam,  23  :  25)  ''etymology  unknown/*  when  it  should  mean  "God  has 
>ewed  him  out,"  from  ^ip.  to  spew  out?  What  is  good  etymology  in  the 

ne  case  should  be  good  in  the  other. — But  a  more  embarrassing  question 
rises  : 

«7<;^aA;)i7»  (Eliakim)  should  then  mean  "Jehovah  has  appointed  him." 
Tow,  how  is  it  possible  to  suggest  any  motive  for  an  Egyptian  King 
iianging  his  Hebrew  vassal's  name  by  substituting  "Jehovah  "  for  "  El ; " 
specially  seeing  that  he  himself  worshiped  El  (=RA),  and  his  vassal 
M)  the  history  goes  on  to  state)  Iiated  Jehovah,  "as  all  his  fathers  had 
one?" 

This  again  shows  that  either  the  hebrew  traditional  names  are  wrong, 
r  that  their  hebrew  traditional  etymologies  are  valueless. 

It  must  be  noted  that  Josiah's  mother  was  Jedidah;  but  his  brother 
ehoakim's  mother  was  Ze5?/^A;  so  they  were  only  half-brothers;  and 
hile  Josiah  was  39  years  old,  his  half-brother,  Jehoiakim,  was  only  25. 
hese  14  years  may  have  made  a  great  change  in  the  hareem  of  King 
mon,  and  goes  far  to  explain  the  anti-Jahvism  of  the  younger  half- 
t)ther. 

Undoubtedly  polygamy  at  the  court  of  Judah  was  the  ground  cause  of 

continual  revival  of  anti-Jahvist  worships  in  the  history  of  the  king- 

i.    Josiah's  own  children  could  have  very  little  cliance  for  a  good 

^tion  in  their  father's  orthodoxy,  surrounded  as  their  infancy  and 

iscence  must  have  been  by  female  worshipers  (open  or  secret)  of 

Moloch,  Chemosh,  Rimmon,  Thammuz,  Astarte,  Neith,  and  other 

n  and  Egyptian  deities.     It  is  only  surprising  that  the  titles  of  these 

s  do  not  appear  in  the  lists  of  royal  names.     Why  do  they  not  ? 

the  mothers  deterred  from  naming  their  children  after  the  deities 

'.  they  were  permitted  openly  to  adore  ?  That  is  evidently  no  explana- 

Are  we  then  left  to  conjecture  that  the  reiterated  story  of  this  court 

y  is  in  the  main  a  mere  late  priestly  tradition,  without  foundation 

and  penned  for  a  long  subsequent  purpose,  viz.,  to  account  for  facts 

ise  unaccountable  ? 

\g  other  nations,  Greek,  Phoenician,  Assyrian,  Babylonian,  Egyp- 

\  national  pantheon  is  painted  and  recorded  in  each  royal  nomen- 

The  Hebrew  annals,  both  Kings  and  Chronicles,    have  this 

lal  feature  :  they  affirm  that  kings  and  people  alike  were  habitual 

re  of  numerous  well-known  deities,  and  yet,  while  they  record 

oyal  and  common  names  compounded  from  the  name  of  one 
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asserted  national  deity,  they  record  none  compounded  of  the  names  of 
the  deities  said  to  have  been  habitually  worshiped ;  except  the  three  or 
four  mentioned  in  previous  portions  of  this  paper. 

It  seems  to  me  that  tliis  fact  has  been  overlooked,  and  ought  to  be  taken 
into  account  in  judging  1.  of  the  trustworthiness  of  the  hebrew  chronicles, 
and  2.  of  the  correctness  of  the  exegetical  etymologies  in  our  hebrew 
lexicons. 

If  it  be  sound  historical  argument  that  the  Pharaohs  of  the  III  and  IV 
D3'nasties  were  pious  worshipers  of  Amun-Ra,  the  national  deity,  becaus 
they  were  named  Ra-neferka,  Ra-fu,  ♦  Ra-taUf,  Ba-8haf,  Ra-menkau, 
and  if  it  be  a  fair  inference  that  Aadru-bal,  Hanm-bal,  Ha-mUcar  and  oth. 
Phoenicians  were  honest  and  consistent  worshipers  of  Baal-melcarth,  t 
plicenician  deity, — it  seems  an  equally  reasonable  conclusion  that  if  t 
Judsean  and  Ephraimitish  princes  had  names  in  which  the  word  Jah 
Jeliovah  can  be  recognized,  they  must  have  been  worshipers  of  Jah,  althou 
the  chronicles  vehemently  affirm  that  they  were  not. 

In  other  words,  historical  analogy  would  teach  that  the  Kings  Abi-y 
Jo-snpluit,  Jo-ram,  Jeh-u  (?  Jah-u),  Hezek-Jah,  &c.,  were  all  alike  worshipe 
of  Jah,  with  Jah's  prophets  Sephon-jah,  Eli-jahf  Jo-el,  Isa-jcth,  &c.,  ai 
in  spite  of  the  historical  denunciation  of  their  alleged  idolatries  made 
tlie  compilers  of  tlie  Kings  and  Chronicles  of  after  centuries.     If  n 
then  we  arc  compelled  to  assume  tliat  the  deity  name,  Jah,  is  wrong 
identified  in  tlieir  proper  names. 

It  is  certainly  a  remarkable  thing  that  the  kings  who  are  traditlona' 
reported  as  founders  of  the  Jehovah  worship,  8amuel,  Saul,  David 
S()lf)mon,  do  not  carry  tlio  name  of  the  deity  in  their  names. 

And  the  same  ar^iiuieiit  may  ])e  reasonably  employed  in  investigati 
the  antiquity  of  the  Jehovah  worship,  in  view  of  the  startling  fact  th 
none  of  the  patriarchal  names  exhibit  this  element  :    neither  Heber,  n 
Terah,  nor  Abram,  nor  Sarah,  nor  Ishniael,  nor  Isaak,  nor  Rebekah,  n 
Esau,   nor  .Jacob   (Israel),   nor  a  single  one  of  their  numerous  repute 
oflsprinjr,   Reuben,   Simeon,   Levi,  Judah,  Zabulon,  Issachar,   Dan,  Gac 
Asher,   Naphtali,   Joseph,   Benjamin,  Ellphaz,  Reuel,  Jeu^?i,\  Ja^lam, 
and  Korah.      It  is  needless  to  say  that  none  of  the  "dukes  of  Edom  *" 
(Esau's  children),  Teman,  Omar,  Zeplio,  &c.   (Gen.  xxvi :    15),  contaic: 
Jah.     But  it  is  worthy  of  deep  consideration  that  Jacob's  descendants  d^ 
not  seem  to  have  been  called  after  the  "Lord  God  of  their  fathers." 

Ju(hih's  sons  were  called  Er,  Onan,  Shelali. 

In  the  next  generations  come  :  Pharez,  Zerah,  Hezron,  Hamul,  Zimri 
Ethan,  Ileman,  C'alcol,  Dara,  Achar,  Azariah  (son  of  Ethan,  1  Chron.  ii 
8),  Jerameel,  Kani,  Chelubai,  Amminadab,  Nashon  (" prince  of  the  Beni 
Judah"  1  Chron.  ii :  11),  Salma,   Boaz,  Obed,  Jesse,  and  his  seven  son 

*  Supposing  that  the  barred  disc  of  the  tablets,  Shu,  is  a  mistake  for  the  plaii 
disc,  ra. 

tK^'j*'  JOIS.    ttoSj*'  JOLM.    But  these  names  commence  exactly  alike,  but 
liave  received  from  the  Masorltes  diflereut  punctuation,  for  no  apparent 
son.    Neither  of  them  show  nnj'  trace  of  Jah. 
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Eliab,  Abinadab,  Shimma,  Nethaneel,  Raddi,  Ozem,  David,  with  their 
two  sisters  Zeruiah  and  Abigail. 

Of  all  these  names,  Azarjah  and  Zerujah  alone  contain  the  Jah  (and  the 
▼ery  late  date  of  the  list  makes  these  suspicious),  yet  this  is  the  royal  line 
of  David,  "the  man  after  Jah's  own  heart,''  the  supposed  designer  of  the 
temple,  and  the  supposed  inventor  and  establisher  of  the  liturgy  of  Jah. 

It  may  be  said  that  the  negative  argument  is  of  no  weight  because  it 
proves  too  much ;  for  neither  does  this  long  list  of  names  exhibit  the  title 
of  any  other  deity.    In  reply  it  may  be  said  : 

1.  That  the  absence  of  other  deity  names  is  not  certain  until  the  personal 
names  are  investigated  in  light  of  the  comparative  mythology  of  that  day  ; 
and 

3.  That  several  of  them  do  contain  the  name  of  the  Assyrian  and  Egyp- 
tian deity  Bel,  El  (=Ra  :)  viz.  Ishma*^,  Israel  'Reuel,  Hamul  (?),  Calcol  (?) 
Jeramee^,  ^iab  and  Nathane^^ 

Of  Hezron's  descendants  in  the  line  Caleb :  Jesher,  Shobab,  Ardon,  Huz, 
Uri,  Beteleel ;  in  the  line  of  Segub,  Jair,  Ashur,  Tekoa  ;  in  the  line  of 
Jeremeel,  Ram  [Bimah,  Oren,  Ozem,  jlAt/oA,]  Onam  [Maaz,  Jamin  (c- 
Benjamin),  Eker,]  Shammai,  [Jada,]  Nadab,  [Abishur,  Ahban,  Molid, 
Seled,]  Appaim,  Ishi,  Shdshan,  [Ahlai,  Jether,  Jonathan,  Peleth,  Zaza,] 
Attai,  Nathan,  Zabad,  Ephial,  Obed,  Jehu,  Azariah,  Helez,  Eleasah, 
Sisamai,  Shallum,  Jekamiah,  Elishama,  extending  through  21  genera- 
tions =600  years,  i.  e,  down  to  the  captivity  of  the  ten  tribes — only  two 
have  the  word  Jah,  and  both  are  comparatively  late,  Abijah  and  Azariah. 

A  valuable  bit  of  information  for  our  purpose  is  given  in  the  following 
words  (1  Chron.  ii,  84)  "Now  Sheshan  had  no  sons,  but  daughters.  And 
Sheshan  had  an  Egyptian  slave,  his  name  Jar  ha.  And  Sheshan  gave  his 
daughter  to  his  slave  Jarha  to  wife  ;  and  she  bare  him  Attai.  And  Attai 
begat  Nathan  ; "  &c.,  as  above. 

Here,  if  any  where,  we  might  find  pure  Egyptian  names ;  yffjff  S*^-S'a-N, 
yjpi  IRHO,  ^Pip  OTI. 

A  most  remarkable  coincidence  in  feet  occurs.  This  Sheshan  father  of 
Attai  corresponds  so  closely  and  unexpectedly  with  the  8hesh  and  Attn  of 
early  Egyptian  story,  that  the  reference  of  one  to  the  other  in  some  unex- 
plained and  x>erhaps  inexplicable  way  seems  Inevitable.  The  Egyptian 
parj  of  the  coincidence  is  referred  to  in  a  recent  memoir  by  Dr.  Jacob 
Krall*  "On  the  composition  and  fate  of  Manetho's  History  ;"  where, 
after  recounting  the  evidence  of  the  mythical  character  of  the  lists  of 
names  of  the  Kings  of  the  Ist,  2d  and  3d  dynasties,  preceding  the  1st 
King  of  the  Kamak  tablet  (probably  the  first  really  historical  King) 
Snefhi  (1st  of  the  4th  dynasty  of  pyramid  builders)  he  goes  on  to  say  : — 

"We  are  moreover  in  a  condition  to  suggest  the  origin  of  these  mythi- 
cal accounts.  A  series  of  chapters  (of  the  Ritual)  and  especially  powerful 
formulae  were  relegated  by  the  priests  to  the  days  of  their  most  ancient 
Kings.     Chapter  130,  e.  g.,  to  the  reign  of  Husapti  (^urra^etdyj^)  I.  Dy.  5th 

•Sitsongsberichte  der  K.  AK.  der  Wiss.  Phil.  Hist.  CI.  XCB,  Juli  1879,  p.  190. 


King  ;  Chapter  64,  Vt  the  reign  of  Mcalcaura  (buUiler  of  the  third  pjn- 
inld).* 

"We  read,  again,  in  the  Medical  Papynis  Ebcre  of  a  hiiir  salre  pre- 
pared as  Song  back  as  iiy  SAcuA  llie  mollier  of  Ttla,  (TTA)  appurenll;  tlit 
A^oTi-  of  the  lists,  2d  Eing  of  the  Ut  Dynasty,"  the  iinmeiliate  surcc«$OT 
of  Menes,  &c. 

The  tablets  of  Abydos  and  SiujqarEi  give  the  following  combinpd  l«rt 
of  names  iif  the  Kings  of  the  flrst  tLre«  dynasties  :  Mens  (Menc*).  T#TA, 
ATcTh.  ATA.  Eenkenc?,  Hueapti  (Saptl).  Merlbapa,  Beinentpsee.  Qebabo, 
Butau,  Qaiieu,  Ba-n-neler,  IVatnae,  Senda,  Hctefn,  TTAA  (T'aui), 
Neforqara,  Bokameferka,  Nubkara.  Ssr,  Sar-TeTA,  Hunl.  Snefru. 

It  will  be  BceD  that  TTA  occurs  with  olight  rariatious  five  linws  in  ihb 
list  of  23  Kiugs.  The  hair-olntraent  is  asaigned  lo  the  mother  (SAtth)  M 
the  flrsl  one.  I  give  little  weight  to  Krall's  elymologici  of  these  ouBtt. 
although  he  accepts  them  as  "ganz  abachliessend  festgwlollt  "  by  I^ulh, 
in  his  Manolho  (p.  87).  I  prefer  to  refer  them  all  (as  mere  tnodiflcsiiontj 
to  Tat.  the  sacred  symbol,  Nilometcr.  or  vihat  uot,  used  iiic«saaiiily  in  Ibc 
prie«ily  literature  and  on  the  monuments  with  numerous  meiuiings  moK 
or  less  rAdically  different.  But  I  wish  to  insist  here  on  the  sirikiog  ba, 
that  tlie  value  of  this  fomoos  verb  and  known  root  of  Egyptian  literaiuR 
could  not  very  well  be  more  highly  guaranteed  and  Ulustniied  than  bf 
its  being  used  alone  and  without  any  Other  compounding  element  to  bmb- 
ulliclure  (wholJier  hifilorically  or  tradilionally  or  niytliicnlJy  is  a  qurafion 
of  no  moment  here)  the  jicrsona!  names  of  fine  out  of  33  of  the  mo^  an- 
ils value  is  further  shown  by  the  fact  that  it  entered  aa  a  compound  into 
the  names  of  many  other  Kiugs  (like  lia'tat'f  Tat'kara,  &c.)  of  succeeding 

Its  highest  value  is  exhibited  in  the  name  of  the  special  god  of  tli« 
clerici.  clergy,  clerks,  scribes,  the  god  of  learning,  i.  e.  worehip,  7yS«W. 

But  it  iijipcnrs  among  the  names  of  the  egyptian  nobility  or  boui^eoiuc 
(for  it  is  hard  to  distinguish  between  these  classes,  distinct  as  they  become 
in  modern  times)  ;  as,  e.  x. — In  the  tonittslone  of  a  gentleman  of  tbe 
Ancient  Empire  preserved  in  the  Boulaq  Museum  at  Cairo  (Xo.  71. 
Magazine  V,  Maricttc's  Apcrqu.),  the  legend  runs,  that  his  name  Kie, 
ATA  :  his  father's tut  ;  his  mother's  A'eb't  ;  and  his  son's  Stbekaffrr- 

Taking  this  private  name  (in  the  5th  dynasty!)  ATA,  and  com[»riDg  ■* 
with  the  royat  names  ATA.  ATeT,  TeTA,  and  TeTAi  of  the  Isi  and  !d 
dynnsiies.  we  can  not  be  surprised  at  the  ap|>earance  of  the  Dime 
ATI,  in  1  Chronicles  ii :  34.  giten,  a»  it  U  there,  lo  tht  ion  of  an  Eggpti^a.  j 
the  slave  of  one  of  the  descendants  of  Judah.  But  (he  marvel  is  thaltht 
slave's  wife's  father  should  have  the  egyplian  sounding  name  SA«*(i".' 
and  that  the  Ebers  Papyrus  should  call  the  mother  of  the  phanob  TTi 
S!ie»!i ! 

To  return  to  the  list  of  early  names  in  1  Chron.  ii ;  17. 

IM  the  iKl  KU( 
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Alihougli  one  of  Jesse's  nine  cliildrcn  (notably  one  of  his  two  d/ttig/Utv*. 
and  not  one  of  hie  aeveo  eons)  Zeruiah,  seems  to  carry  the  Jah,  it  is  re- 
Tnarloible  t^nt  it  docs  nut  appear  in  tlie  names  of  lier  tliree  sons.  Abii/tni, 
Joab  and  Atahel,  -pan.  2*V-  TVOy-  (AB8I.  lUAB,  OSEAL)  in  tlie  first  Mad 
senund  of  which  ab,  fntlier.  Is  llie  main  element,*  the  n  (shi?)  of  the  one 
«n(l  the  iu  of  lh«  Other,  being  of  unknown  sense;  for  iu=Jiih,  (Jahveh) 
there  is  nu  evident:  whatever. 

The  third  name,  Aialttl,  is  given  in  our  modem  hebrew  text  as  a  com- 
3K>and  name,  with  a  liyplien  between  tlie  OSE  and  tlie  AL,  evidently 
loBcrted  to  snpport  a  |M)pulnr  or  Mftsoreiic  etymology  S«-n'»l'.  "God 
mnde."  i,  e.  him  :  or  "God  works  "'  in  the  indefinite  or  abstract  sense.f 

The  other  sister  of  David,  Abigail,  married  Jelher  tlie  Ishmnelite,  and 
Ixtrc  Afitata,  whose  name  has  a  pure  Egyptian  ring  :  and,  considering  the 
x^lalionsof  lti«  desert  to  tb?  delta,  we  should  expect  lo  And  plenty  of 
"Mgypl'mn  elements  in  Ishmoelite  nom«nelrtturu.  Amosa  ia  written  OMSA, 
'OThk'b  might  easily  be  tlie  Jud»an  pronunciation  of  am-ie,  "  (Iiis)  moiher's 
son  ;"  hui  a  vague  conjectural  suggestion  like  this,  however  poetical  and 
CTen  proper  to  tlie  circumstances,  can  be  of  no  scientific  value. 

TIi«  grand  fact  sUinds  out  visibly,  thai  in  the  family  circleof  David,  theman 
after  Jehovah's  own  heart  and  the  supposed  instituter  of  Jahvish.  there  is 
but  Uic  one  trace  of  the  existence  of  a  Jehovah  worship,  vis.,  in  the  name  of 
one  of  his  liislvrs.  Zeruiah,  TT^^ys,  and  that  Is  doubtAil  for  good  rcasonB. 

That  there  were  two  philological  elements  in  Judwu  is  eurionsly 
illustmted  by  the  fact  that  tlie  unfortimale  son  of  Saul  and  rival  of  David 
is  DAined  in  one  document  (1  Sam.  xiv:  49),  ISUl,  iir  (Ishui)  :  and  in 
ftnotUer  document  (3  Sam.  li :  8}  a  tmnslation  of  isni  is  made  into  AIS-B8T 
rm^'VU  (tsh-busheth)  "man  of  folly."  Itkui  was  his  Ephmimite  or 
Hebrew  name,  and  hhboaheth  was  tlie  nickname  given  lo  him  in  the  camp 
»ad  ai  the  court  of  the  men  of  Jndah.  Had  it  occured  first  in  Chronicles, 
<tc  wiHild  be  compelled  to  consider  it  a  priestly  term  of  reproach  of  the 
times  of  Ezra, 

Jtdidah  was  a  similar  nickname  given  to  Solonton  at  his  birtli  by  Nathan 
the  prophet,  but  from  an  opposite  (Jahvist}  stand  point.  It  occurs  in  one 
of  the  older  and  more  reliable  docgnienls,  3  Sam.  lii ;  25,  and  is  probably 
one  of  the  earliest  genuine  instances  of  the  actual  establishment  of  the 
Jehovah  cuttus,  and  goes  br  towards  removing  our  doubts  of  lis  existence 
in  the  times  of  David,  ti-tt  U^IDIE,}  can  hardly  mean  anything  els« 
than  "Jehovah's  darling  ;"  (compare  JiirftdfiA  "Her  beloved,"  the  proper 
name  of  the  mother  of  King  Josiah  ;  2  Sings,  xnW  :  \,  nnA  Jedideka,  "thy 
beloved  ones"  in  Pe.  137:  3.  There  is  but  one  suspicious  circumstance, 
Tix.,  tliat  it  is  a  prelly  lair  pun  upon  the  name  of  the  baby's  father,  Dtvid, 
■m  (DUD)  or  as  it  is"  written  b!m)  tit  (DUID)  Hoaea  ill :  5. 

•  Unleu  the  Esrpllan  ab.  LIbalIng  prleat  bo  preferred;  aa  In  the  nameEa-ab 
Of/uni-s  «on,  (0,  D.  )  tSl,  1»  MS.) 

tAnothiir  TOO]}  I"  given  liy  Oesenluii  as  an  nbaolute  root  moaning  "lobe 
ttalrr-  rough,  Khnggy."  c.  Ambie.    Hence  propter  niinip  Kiaa.     But  the  probn- 
bllliy  !■  Uint  the  whole  story  of  Euu's  lulrlueu  was  wurked  out  or  this  late 
,' 4X700101^ >  ItMir  entirely  vorUiIeiia. 

;.  JtMRR.  FiflLOS.  SOC.  X(K.  100,  3b. 
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TliU  name,  Datid,  first  appears  In  1  Bum.  xr\,  18,  in  Jewish  liittorj', 
where  it  is  written  DUD,  as  is  usual  in  llic  earlier  docuiueate,  gradunllj' 
cliHnged  to  DUtD  us  time  went  on.  Its  early  form  is  important,  liecausf  it 
is  identical  with  Ibe  Hebrew  word  11*1,  DUD,  n  pot,  ktttU,  batktt  (Jnb,  1 
Bamucl,  3  EingR.  Jeremiah,  Psalma,  2  Chronicles)  I^ddi  tlie  connectioDOf 
Whicli  with  botUng  omrfire,  came  a  verbol  DUD,  to  boil,  to  be  agitaltd.  It 
locr  ;  the  plural  noun  DaDlM,  lerual  loce  (loves) ;  the  singular  noun,  n  feu, 
afi-iciid,  an  acquaiittnnce ;  and  the  title,  DUDE,  auni,  father's  eisui  ur 
naclo's  wife.  Hence  DUDI  (my  dtUght,  Roy),  llie  maudragora  nr  Inn 
apple,  Oen:K!(s,  14,  Cant  vil:14.  and  DUDU  (Uf  ficlowd?}  apr(>i>eriUDie 
(Roy). 

AGB  is  Iho  regular  hubrew  verb  to  idw ;  xMD  means  to  love  cotcl- 
oualy ;  a'NN',  to  love  willi  compassion  ;  j:8D  (TDF)i  to  lo^^  vlth  bcoeto- 
lence,  to  be  gracious ;  JtPZ.  to  love  with  joy  and  delight ;  j^'SQ,  to  It"* 
with  esteem,  as  a  companlou ;  IDD,  simply  TO  love,  lo  lie  pleased  witl>- 
t.  e,,  williout  sexual  emotion;  IDO.  to  love  with  reverence  based  » 
knowledge  («  mere  poetical  use);  IRO,  lo  love  with  wofship  (diW). 
0GB,  to  love  lewdly  ;  R(M,  to  love  as  Ood  lovea  and  pities  men ;  S'CB. 
to  lie  with, 

David's  children's  names  ore  given  in  an  old  document,  2  Sam.  f  %1^ 
and  in  a  much  later  one,  I  Chroa.  iii :  1,  thus ; 

1.  Born  in  Hebron  : — 1  Chron.  iii :  1. 

Amiion,  p-SK  cif  Aliiansm  ofjezrecl, 

Daniel,  htfit  of  Abigail  of  Carmel. 

Absalom,  Dlb&2H  of  Maachnh,  princess  of  Geslier. 

Adoni-jah,  n']"lK  of  Haggith. 

Shepliat-iah,  Tt'asie  of  Abital. 

Iihream,  a>n;i' of  Eglah,  "his  wife." 

2,  Born  in  Jerusalem  ; — 


I -.15. 


ICbro 
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Of  Batbsbaata 

(Bathsbebah) 

"four." 


Bliamuah,  J-IDP  =  Xj'OP  Sbiroeah, 
Shnlmb,  3311?  Shobab, 

Nathan,  yn  Nathan, 

Solomon,  naSp  Solomon, 

Ibliar,  ln3'  Ibhar. 

Elishua.j'itrSlt^i'Dir'TIt  Elislinina. 
tsSfl'Sn  Eliphelet. 
njj  Nogab. 
Nepheg,  jflj  Nepbeg. 

Jnphia,  y'B'  Japhia. 

Elishama,  STivS*  Ellsliamo, 

Elinda,  jtSk  Eliada. 

Eliplialet,  bSd'Sk  EUplielet,  "nine." 

lonTamar,  "their sister." 
"Besides  the  sons  of  his 
concubines."        • 


*«»  ILMley. 

It  Is  criilent  ilint  the  sccoad  list  in  Clironicles  U  b  bad  copy  o(  Che  list  In 
3  Satnuel.  or  ofsomv  liocumeni  the  source  of  both  lists,  Ttoox  the  blunder 
of  Ihe  efrilw  in  rtptating  ElUhama'  snd  Eliphalet.  Where  tlie  clironicler 
got  his  yugtih  can  only  be  conjectured  trom  its  distant  resemblance  to  the 
fol lowing  name  Nfpheg. 

How  many  other  errors  of  transcription  llierc  may  Iw  to  both  lists  no 
one  can  now  And  out.  But  it  is  evident  the  Jah  does  not  occur  in  any  one 
of  the  names  of  the  eleven  children  of  the  reputed  founder  of  Che  Jah 
enllu*.  said  to  have  been  born  to  him  in  Jerusalem,  where  he  is  8up]>oaed 
to  tutve  prepared  the  site  of  the  Jah  temple,  its  erection  1>eing  only  pre- 
Tented  by  the  superior  influence  of  the  Jah  hii/h  prophet  Nathan,  whose 
name  one  of  his  children  in  Cbc  Jerusalcoi  list  bore.  TItc  meaning  of  this 
obsiniciion  has  been  much  debated.  Shiloli  in  Epliraim  had  an  ancient 
preBcriptiTe  right  lo  the  Egyptian  Ark  of  the  Exodii»;  and  Nathan,  ils  thea 
president  prophet,  foresaw  the  rupture  which  actually  ensued  when  the 
A.rV  which  belonged  to  the  Beni  Israrl  was  taken  lo  glorify  tiie  .-tniAi- 
JuAak.  and  the  provincial  Baal-Apis  worship  of  the  north  was  swallowed 
up  in  the  metropolitan  Jah  worship  of  the  south. 

Nathan,  m,  "he  gives,"  "he  gave."  Is  the  ortiiodM  etymology  of  the 
nunc  biiita  of  David's  son  and  of  his  tutor,  the  old  prophet  of  the  ark  at 
SLiloh. 

I  propose  a  very  different  and  purely  Egyptian  etymology  : — N'tter-hon, 
tbe  commonest  of  all  the  lilies  on  the  monuments.  Its  adoption  by  Ihe 
prophet  of  Sliiloh  would  be  of  unquestionable  propriety.  The  following 
exRiniiles  will  suffice  to  explain  iu  use  in  the  hieroglyphic  legends : — 

On  a  Bielc,  found  in  Ihe  Scrapeum,  and  now  deposited  in  the  Louvre, 
Pitiiiu-tik-iaiiHj;  calls  himself; — "Prophet  of  Isis,  lady  of  the  Pyramid, 
Osor-hiipi.  and  of  Ilor-m-a;fU  the  feruaC  Spbins."  and  (hen  adds  llie  follow- 
ing addirjonal  titles  lo  his  name  if — 


Tliesc  were  the  three  earliest  Pharaohs  of  the  Fourth  or  Pyrsituid  build- 
ing dynasty,  and  to  every  pyramid  there  were  consecrated  sopulcbral  riles 
Hid  a  rMJdent  priesthood,  as  Is  the  case  in  all  CaCliolic  countries  now, 
priesthoods  being  invariably  attached  to  churches  built  over  tombs,  with 
ilirinoa  for  iho  worship  of  dead  saints,  martyrs  and  royal  beuefactora  of 
t^ligion.  This  title  2feter-&oa  was  iu  constant  use  from  its  eariicst  appear- 
BDce  3000  B.  C.  down  lo  the  conquest  of  Egypt  by  Alexander.  B33  B.  0. 
and  hiter.  It  was  exceedingly  common  In  the  tiine  of  David  and  Solomon  j 

•  Thla  l>.  bowover,  not  a  repelUlon,  but  a  mlnroadlng  or  BtUhua  (o  Ibr  JT)  In 


IThe  absenoe  ot  aiir  B' 
■rgumant  UtI  the  nrcliirlc 
Of  .<<M-Mtom. 


»  Ab-nitom,  Ini-teni 


LmIw.]  -  '^^^  tKif. 

and  if  an  Egyptian  at  Bolomon's  court  vere  to  pay  liis  roipccu  to  .V<tfi<u, 
ho  could  only  do  so  witli  propHely  by  tu!drcs3iiig  him  m  the  gnau  Xrltr 
hnn  uf  the  Ark  of  the  Covenant  or  God.  and  of  the  shrine  at  Sti1l»li 
There  was  no  otht^  phmso  in  the  Egyptian  langtmgc  wUicli  he  ruulil  iM 
with  equal  propriety  according  to  custom. 

NeUr-hon  means  DMne  prophet,  the  hatchet  standing  for  Ood,  tnA  tli    , 
second   aymluil   for  prophet.     Translated  into  Hebrew   it   woulil  h>  A 
»latpkiil(_»iiii^\\ei).     It  is  not  a  little  remarkable  that  the  fifth  nsu)f  oi 
list  of  the  sIk  aona  said  \ei  have  been  bom  to  David  (each  uf  a  mimrilt 
wife)  in  the  old  cajiltBl  of  the  south,  Hebron,  is : — 

Shuphfitinh,  "the  prophet  of  Jnli."  But  this  name  is  not  more  Eij^iHrail 
of  JnhHem  in  David's  family  at  Iltbrim  than  the  name  ofhls  fourtb  tno 

Adonijak.  "My  lord,  Jah;"  and  it  would  be  folly  to  attempt  to  flnili 
foreign  etymology  for  so  pure  and  purely  orihodox  a  Jewish  com|iM 
word, 

Abiaiom,  "father  [of  T}  peate"  is  as  easily  recognized,  in  its  Hi'liM 
t1re98  as  Melchi^iedek  "king  of  rigliteousnoea,"  but — 

Diiaitl,  Ainmon,  Shream  are  meaninglesa ;  with  a  suggestion,  bon^tr, 
in  Givor  of — 

Dani-el,  "Judge  of  [for]  God,"  therefore  equivalent  to  ShipliA^^ 
<S»e  Qes.) 

Ilhream,  "He  makes  abound  the  people"  (Ges.  suggests  "abunitof  ^ 
the  people")  like  the  rurious  Greek  nameg  ending  in  i.ao'^,  and  i^.^ 
AreheUiug  (people's  ruler).  AriflQiUmtia,  Laodamta,  Laodut,  Jfrnfit** 
iftntUtut,  &e. 

Amnon,  "The  faithful,"  seeniB  allied, to  Amen,  Amnnh.  verily,  > 
nam,  Amnon,  verily.  Allhouph  the  root  of  this  Hebraipni  in  undwiltrflr 
the  AMN,  "slabilhy."  of  the  early  egypliun  monuments,  there  is  Bpa« 
of  seeing  in  this  name  of  the  eldest  son  of  David  any  direei  refercnttW'* 
Egyptian  source.  But  it  is  permissible  to  notice  the  curious  (if  ratiHl 
accidental)  coincidence,  that  this  first  bom  of  the  long  and  splt-nd 
cage  of  David,  ibe  virtual  founder  of  the  Jewish  monarchy  and  Jcnii"" 
ligion.  happens  to  bear  the  very  name  assigned  not  only  to  the  p 
of  all  the  gods  of  Egypt,  but  also  to  the  first  monarch  of  the  flr^l  dvw^J' 
5IN.\. ;  the  establigher  of  monarchy ;  the  head  of  a  splendid  procf«*in»'" 
rulers,  among  which  one  at  least  gave  his  daugiiter  lo  Amnon's  \!V)^ 
Solomon  lo  be  liia  queen  of  queens. 

One  more  word  aI>out  the  Egyptian  train  of  ideas  conceaW  !» ''* 
Hebraic  nomenclature. 

In  Zechariah  vi:  11  to  13  occurs  a  reniarkablc  reference  lo  Egrr*" 
titles  and  customs,  in  a  confessedly  difficult  passage  involving  the  to""" 
name  ot  the  second  Moses — Jmhua. 

The  prophet  writes  ;  "Take  silver  and  gold  and  make  crowns,  lu 
them  on  the  licad  of  Joshua  the  high  priest,  and  say  to  him  :  Thu- 
Jeliovah  of  hosts  :    BcUU  a  man,   hi*   n'lmt  brasch   {Ztmaeh)  lu^ 
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it  shall  sprout ;  *  this  one  builds  (bana)  the  temple  of  Jehovah, 
ne  shoM  build  (ibneh)  the  temple  of  Jehovah ;  and  this  one  shall 
tOD,  and  sit  and  rule  on  his  throne.'' 

uaissahod;  ''and  this  (man)  shM  wear '\'\xy,  majesty,  splendor, 
',  brightness,  (often  coupled  with  HDR,  ornament,  decoration, 
or,  pomp,  as  in  Ps.  45  :  4)  used  of  Kings,  1  Chr.  xxix  :  25,  &c.,  and 
dice  Is.  30  :  30,  Job.  39 :  20.  Here  in  Zach.  it  must  mean  some 
nsignia,  a  crown,  or  diadem. 

7  this  hebrew  word  HUD  corresponds  to  HT  the  white  crown  of 
Egypt,  (TSa:R  being  the  name  of  the  red  crown  of  Lower  Egypt,) 
P'S\tN-T  the  combined  crown  of  Upper  and  Lower  Egypt,  (p  = 
yptian  article  ;  s  =  the  formative,  by  which  nouns  are  made  verbs, 
low,  and  also  the  causative  ;  t  =  a  final,  often  not  radical,  and  not 
ily  radical  in  this  case). 

double  crown  has  for  its  root  /N=  jH,  in,  irn,  in  which  form  it  does 
pear  in  hebrew  ;  (for,  nn  means  one  ;  sharp,  to  be  sharp  ;  and  nin 
iddle,  propose  a  riddle  (Judg.  14 :  12)  ;  ni'n  ^^  artifice,  a  riddle, 
e,  proverb  ;)  unless  in  the  side  meaning  mn  ^  rejoice  ;  cognate 
•n  beauty  (Job.  41 :  2,  spoken  of  trappings,  ornaments). 

white  crown  of  Upper  Egypt,  the  crown  of  the  great  Middle  Empire 
ni  Dy.)  the  crown  which  carried  the  royal  emblem  the  Urseus,  or 
,  on  its  front,  the  crown  of  Thebes,  the  Up-country,  the  Upper 
I,  was  called  HT,  (not  Z^t )  and  corresponds  to  the  in  or  1)7}  of 
rias. 

J  exact  correspondence  between  the  Egyptian  and  the  Hebrew  is 
'ested  by  the  fact  that  the  root  Tiet  (spelled  with  the  globe  standard 
nake)  carries  the  general  meaning  of  "brilliant,  lightening,  bright 
rhite."  (Brugsch  Diet,  page  1015.)  Sometimes  the  solar  disk  with 
descending  rays  is  the  ideograph  ;  and  in  one  passage  (Leps.  D.  iv, 
Ra  ur  s'het  /eperu  hi  ti  asep  hi  ma  senen-f,  (with  ra  after  the  crown 
fter  asep)  **  the  governing  sun  illuminates  {s'het-ra,  makes  white  or 
t)  all  things,  so  as  to  give  to  exhibition  (bring  out  to  view)  their 
,"  we  have  an  important  suggestion  of  the  causative  force  of  the  8 
e  name  of  the  double  crown  p'S'Xnt, — This  lut,  followed  by  nub 
)  means  "silver,"  i.  «.,  white  gold,  &c. — The  Egyptian  way  of 
ng  the  crown  with  the  standard,  t,  and  the  figure  of  the  crown, 
s  how  they  meant  to  intensify  the  ideas  1,  of  ornament  and  2,  of 

ty. 

e  Egyptian  simple  letter  h  (the  fret)  in  this  het  corresponds  to  the 
!W  n ;  but  there  is  one  striking  analogy  which  shows  that  it  is  trans - 
ble  also  into  n  ;  for,  the  iJgyptian  word  IT  AN' A  (followed  by  a  sit- 

illippson.— Dewette  translates  it  differently  :  *'who  shall  sprout  up  in  his 
"  I  think  it  plain  that  this  sentence  is  an  interpolated  gloss,  or  attempt 
)lain  the  meaning  of  the  word  Branch  zemach  ;  but  it  is  of  no  importance 
becaose  the  meaning  ** branch"  for  zemach  is  accepted,  both  as  verb 
2:  5, 41 :  6)  and  noun  (Qen.  19 :  25,  Ac). 


ting  man  wilb  bis  liand  to  his  month)  meaning  vtUe,  ploftre,  c'il  na 
plait,  a'il  eat  permit.  (Brugseh,  Diet.  p.  fl08),  i.  t.  "by  your  ftvour"  "^ 
jour  gracious  permiHsion,"  "mHy  it  please  your  grncious  majesty."  4e. 
corrasponda  exactly  to  Ilia  Hebrew  ^^N  (m)  grucf-,  favor  &iid  rijn  W 
protect,  defend,  encamp,  surrounded,  dwell,  regide. 

There  la  therefore  no  obslacle  in  Ibc  way  of  coiuiinring  the  HITD.  whidi 
Zaclisrinh  prophesied  that  the  HighpHestJoBhuashould  wearasLunlofdu 
new  Temple,  directly  with  the  HeT,  the  wliile  crown  of  Dpper  Egn* 
if  not  with  the  pihenl  of  the  whole  Kingdom.* 

But  Ihifl  la  not  the  most  interesting  point  :n  my  discussion  of  the  paiap 
In  ZechaHas,  nllhough  it  bears  upon  its  general  Egyptotogicsl  charartrt 
Tlie  main  point  is  the  use  of  the  word  ZfmiMA,  "branch,"  and  its  refewi™ 
to  a  Inte  high  priest  bearing  the  Hnciunt  name  Joshua. 

Tiie  Hebrew  tradition,  adopted  by  Ihe  ChriBtian  Cliurch,  saw  Ib  i^ 
term  Zem-uh,  Branch,  as  used  by  Jer.  23  :  5,  33  :  15  and  Zcch.  S:  ?  w»l 
Thes.  0  :  12.  the  Messiah,  as  offspring  of  Darid  and  of  God  ;  nhiU  lu  » 
by  Isaiah  4  :  S  is  more  dnuhtful,  as  Oeaesius  cxiilains. 

1.  I  wieh  to  call  attention,  first,  to  the  poetic  allileratlon  of  the  wntuw 
in  Zecbariali  :  ZtToach  ihtmo,  " Brannh,"  (ie)  hit  name.  How&ril* 
alliteration  availed  in  causing  the  selection  of  the  word,  I  cannot  tell .  W 
thin  kind  of  elegant  punning  is,  as  all  readers  of  the  bebrtw  sciipioi" 
know,  one  of  their  commonest  featurea,  and  is  often  a  great  hdp  • 
exege.'iig.     It  gave  rise  to  a  good  deal  of  the  historical  elymologj-  of  pr^'*' 

In  light  of  this  well  known  fact  it  cannot  be  uninteresting  to  aoiit^ 
that  the  term  braneh,  or  nfftpring,  or  child  (applied  by  the  men  of  "^^^ 
synagogue  to  the  expected  Messiah,  who  should  rebuild  the  temple,  «^-™ 
set  up  his  Ihrone)  corresponds  exactly  lo  Ihe  Egyptian  etymologr  of  li^^ 
name  of  the  original  Messiah,  Moses,  CAtld. 

The  hebrew  traditional  etymology  of  the  name  Moses  (Ex.  2 :  ID)  *** 
evidently  constructed  on  the  story  of  his  infancy  ;  "  for  I  havedniTn 
out  of  the  water  "  (ci  m'n  h'mim  m'sliitliu).    And  the  Egyptiao  o**?" 
of  Jews  to  whom  me  owe  the  old  greek  translation,  spelled  the 
MS'E  in  a  complex  manner,  rtiouff,^,  apparently  for  the  purpose  of 
fying  that  etymology,  and  introtlueing  into  it  the  idea  of  water. 

Bui  in  so  doing  they  had  lo  neglect  the  real  point  of  the  elymoloer  ta 
E\o(lus  3  :  10,  where  the  participle  "being  rfmicfi  ffa("  is  IbeoDlj ''•'° 
which  ciirrii'i^  Ihe  etymology. 

The  EgypiUiu  Jews  could  And  nothing  in  Coptic  meanieg  "^l 
drawn  out"  to  suit  them,  and  had  to  use  the  coptic  words  for""p''^ 
iinil  '■  to  »-<re. "  Ilencc  Joeephus  (Ant.  "S,  9.  0  ;  cont.  Apion  1-  3\) »» 
Philo  (2.  S:!>  considered  the  name  Moses  to  mean  "  sated,"  not  "'"'"' 
oulof  the  water. 

•Other  Hebrew  relnllvei  cat!  be  found  In  in.  Wi*.  a  shout  and  "m.  W''^' 
Willi  Joy ;  In  -^n,  liin,  lo.  behold  (a  Bliuiit);  and  niH  (fem.)  Ilug,  t  «,  b«lioU  '^ 
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Other  And  more  modem  writere  follow  a  somewhat  difii?reDt  tmck  by 
translating  Moses,  "tht  Prettrtr.T."  For  while  the  writer  of  Exodus 
prefefB  the  elyiuology  in  it«  passive  form  and  eaplains  that  Pharaoh's 
dnushtcr  failed  him  Moses  becanse  she  had  drawn  him  out  of  the  waier, 
— the  writer  of  the  later  chapters  of  Isaiah  (fi8:  11)  shows  that  a  very 
ditfcrent  traditional  etymolo^  existed  in  hia  time,  (or  in  his  own  mind 
perhaps),  nnd  one  wholly  incompatible  with  the  gtlicr.  "  Then  hU  people 
t^Aonght  them  of  the  old  days  of  Hoses,  (or,  thtn  3to»ti' peojtU  bttkoughi 
them  of  tha  old  dtij/i).  Where  is  be  now  who  oni»  Ud  them  (or  dreia 
tbvm)  out  of  the  sea,  with  the  shepherd  of  his  flook!"  &c. 

It  is  unprofitable  to  follow  further  these  traditional  attempts  to  explain 
the  name  Moses  ;  or  rather  the  hehrow  word  M'h'K,  which  hears  the  same 
tvlulion  to  the  greek  form  Moses,  or  Mouses,  that  the  egyplian  name  of 
the  llrst  phnmoh  M'na  does  to  its  greek  form  Mencs. 

We  have  the  same  liberty  to  go  to  the  egyplian  dictionary  aa  Joeephua 
or  Isniah  or  the  unknown  author  of  Exodus  had  ;  and  when  we  go  there 
we  And  the  words  Mas  and  Massis  not  only  meaning  eJiild  and  so  used  in 
prose  and  poetry,  but  employed  as  a  proiter  name,  i^lthcr  alone  or  in  com- 
poaltioD.  Thcre.was  an  entire  dynasty  of  Kings  each  of  which  bore  the 
nftme  Ka-Mes.  and  Ra-Messis.  "child  of  the  sun."  And  ihoae  who  accept 
the  account  of  Moses  place  the  date  of  his  birth  precisely  in  the  reign  d(  the 
most  distinpiished  of  iheae  sovereigns,  Ramses  II,  the  greek  Sesosiris, 
aboiit  1400  B.  C.  But  the  egyplian  records  tell  us  r.bnt  Mass,  child,  was 
not  an  uncommon  name,  worn  by  common  people  and  by  some  in  high 
ofBHal  posiiion,  Phamoh's  daughter  could  not  give  a  more  appropriate 
name  to  ihc  hoy  whom  slie  had  adopli>d  as  her  ehUil, 

2,  It  tan  hardly  he  a  coincidence  that  both  the  lawgiver  and  tnther  ot 
tlie  nation  to  whom  the  Hebrews  looked  back  with  awe  and  gratitude,  and 
the  great  deliverer  and  king  of  (he  nation  lit  whom  they  look  foraard 
with  hope  and  almost  divine  worship,  should  have  borne  such  similar 
names  aa  Hoses  and  Hesslah.  In  Hebrew  the  di&ercnce  between  MSH' 
and  Man*  by  which  .UiiMi  and  the  ifetniirh  (or  the  verb  to  nnoint)  are 
destgiiated.  Is  merely  the  difference  between  a  soil  and  a  rough  breathing. 
On  the  other  Iiund.  if  Moses  metmt  child,  and  llic  Messiah  was  called 
Sranfh,  offspring,  the  community  of  ideas  becomes  complete. 

8.  The  passage  In  Zechariah  has  another  attraction  for  tlio  cgyptologlst. 
The  prophet  may  and  probably  did  suppose  thai  Joshua,  the  high  priest  ol 
his  day,  was  tlie  Messiah,  so  long  eipecied,  and  may  Imve  called  liim 
Ztmath.  the  Branch  or  Offspring  (of  David)  in  that  hope ;  but  it  was  as 
high  priest  [hat  he  glorified  him,  saying  Zemaeh  I'cmo,  Branch  is  bis  name, 
How  this  hebrcw  word  i^'ni*  is  curiously  enough  the  word  fur  ihc  high 
pr1c«t  of  .Memphis  in  the  hieroglj-phics.     (Brugsch.  p.  1221.) 

It  is  written  simply  8M.  o.  g.  Seia  Plah,  chief  priest  of  the  god  Ptnh  -, 
^tatfi  itUm  em  arinf,  I,  the  chief  priest  among  his  own  people  ;  &a. 
ioretlc    It  ma;  have  been  i»m. 


8em  wrillen  wUli  Ihe  bread  trough  end  a  bout,  j?  given  (in  a  legend  bj 
Lepsius]  ns  tlie  name  of  a  aacred  bark. 

Hem  precedtid  by  a  UulcLet  or  other  Bymbols  of  forward  moTcmeal  (Hki 
tUe  bread  trough  when  [carried  on  the  head,  or  lUe  phallus)  meaut  "  to  |)n 
scut  an  aspect,  to  appear,  to  show  oneself,  to  manifest  one»eir  likr  i 
god,"  also  "to show  the  way,*  to  point  out.  to  lead."  Il  thercrort  etrinlj 
comiKirts  with  Ibe  meaning  "high  priest"  in  both  an  active  and  a.  {mmitc 

8em  with  Ibe  denioustroIiTe  of  a  man  with  his  liand  to  his  mouth,  rtrnfi 
the  idea  slill  further,  viz.,  to  celebrate,  to  preiw!.  and  to  boslow  a  bencdk- 
tion,  I.  e.,  lo  exercise  the  three  functions  of  a  high  priest. 

Borne  years  ago  t  saw  reason  fur  deriving  the  greek  au!i^"i.ov,  a  symlnd. 
IVoui  the  pbwnician  Shtmbaal,  translating  it  simply  "  name  of  Bnal"  in 
the  sense  of  Ihnt  which  represents  Baal,  or  more  generally  a  dirint  rrpn- 
atntiition,  or  aaered  tign.  This  conclusion  was  supported  by  the  Egjplka 
use  of  tJie  word,  as  above  described ;  as  well  as  by  the  important  uk  </ 
the  same  word  in  the  hebrew  writings :  Bhera  Jahveh,  the  "name-  of  Iht 
Ix>rd."  t.  e.,  his  representative  In  human  speech,  worship,  and  eueif;. 

If  now  we  return  to  the  archaic  history  of  the  Jews,  we  find  ihe  dioe 
Samael  applied  to  the  must  dislingulsliod  personage  of  the  times  iBUf- 
veniug  between  Hoses  and  Joshua,  and  David  »nd  Solomon, — a  penM- 
age  reputed  to  be  a  priest  prophet  of  the  highest  rank,  and.  in  Gut.  At 
originator  of  that  "School  of  the  prophets,"  that  caste  of  Jewish  me/IJ 
which  most  closely  corresponds  to  the  caste  of  the  scribeii  of  Egr|<C  ^  in 
doubt  more  or  less  modeled  after  it :  and  always  more  or  less  RlSliiud 
and  in  corrcsjiondence  with  it  at  (he  short  distance  of  a  few  days'  joDrntj. 

Satniul,  ^ttlQi?,  -(ijU"u))J!,  dedicated  before  birth  lo  the  labernaclf,  bj 
mother  Uaaaah,  was  named  with  some  direct  reference  to  his  dfdio'K''' 
Had  this  been  to  a  god  who  had  already  revealed  himself  by  hij  did' 
Jah,  tAii  child  of  all  others  would  have  liad  Jah  in  bis  name.  Insiw!  oi 
that  the  general  word  for  god.  El,  evidently  stands  lo  bis  nanie;t 
the  word  bo  hebrew,  the  other  element  .Sutu,  Shfin,  Sara-u,  caa 
other  than  Qp  "name."  But  whether  the  whole  word  can  br  innsbt* 
"His  name,  El"  or  not  is  the  question. 

At  Hrst  glance  this  seems  a   violent   metaphor,   of  which  evcB 
savages  as  the  bebrews  of  that  day  could  not  have  endured.    Bui  ■"* 
all,  it  would  only  be  a  very  contracted  form  for  "Uis  name  dedicaw'"* 
to  El ;"  or  "He  is  named  after  EL." 

But  who  was  this  El!  for  w«  cannot  imagine  the  abstract  God  w* 
meant,  any  more  than  the  pantheon  Elohim. 

What  forbids  ua  on  the  one  band  to  regarvl  this  particular  El, "  J" 
Egyptian  La,  or  Ba.  or  on  the  otlicr  band  as  the  Assyrian  Bel,  or -aiaiW 
Bar?  ■ '     In  fact,  lia,  El,  Bel,  Bar  and  Baal  wore  all  one. 

I   propose,    therefore,  tlie    etymology  Sam-  Wal  Sni-Otf,  Shem  ^"' 

•  WItb  tho  IdeoErHijb  of  a  road  anil  pair  of  Jcgs,  it  meant  "the  utj  or. 
(weJLbnnwn  toallandetuillyfollowedl.   OampuretbealllemaUnmMDlO'*' 
ITOCere,  DUCere,  itiawliiy  the  uouneoLlon  or  llie  Bard  and  Baroa  IdeM. 
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em  Baal,  instead  of  Sk-IDB^,  Shemu  El  =  His  name  El ;  and  support  it  by 
e  following  arguments  : — 

1.  The  harshness  of  the  construction  it  8hem-u  be  translated  His  name  ; 
say  nothing  of  the  lack  of  analogies  for  such  a  composition.  What  is 
sre  in  Greek  for  instance  like  Ovofia^eo^  or  Ovoiia^iodaroq,  or 
oiiaoToof^toq,  or  any  possible  such  construction  for  a  personal  name  ? 
e  have  Numa,  Numitor,  and  Numenius,  suggestive  of  Numen,  but  not 
latin  proper  name  compounded  with  Nomsn.  Such  a  name  as  Nomen- 
lus,  like  Numantianus  was  geographical  and  not  mythological. 

2.  Of  the  same  age  as  Samuel  was  Samson,  n*E^Diy»  in  which  etymolo- 
it8  find  Shemesh  the  Sun,  and  Un  or  On,  untranslatable,  but  probably 
fining  light*  But  if  Samuel  means  **Name  of  hhn  El,"  Samson 
ould  mean  ''Name  S*un,  or  S*on."     (C.  Chiun,  Amos  5  :  26.) 

i.  87iem  in  hebrew  means  Sign,  like  oijiia  in  greek.  Some  look  on  it 
an  abbreviated  j^de^i  ShMO,  to  hear,  something  heard,  which  the  LXX 
t  unfrequently  translates  by  ovojia  (Gesenius).  Hence  Shem,  name,  ex. 
iem  Jehovah,  Name  of  the  Lord,  &c.  But  if  the  meaning  **Name*'  be 
applicable  in  Samuel,  the  meaning  *'Sign"  is  very  applicable;  and  we 
aid  not  have  a  better  etymology  than  ** Image  of  El"  for  the  boy 
ophet.  But  this  necessitates  the  change  of  El  to  Vel,  or  Bel ;  and 
Lmage  of  El,"  to  "Image  of  Bel ;"  in  other  words,  the  greek  lu/i'iSoX- 
,  borrowed  from  the  Shem-Baal  of  the  Phoenician  traders. 
4.  We  have  this  form  contracted  in  the  curious  phrase  ^oon  Sos»  P^^^^ 
1  seMCL,  *' Statue  (cutting)  of  likeness"  literally,  "Statue  portrait," 
carved  image,"  "stone  symbol,"  of  Deut.  4  :  16  and  2  Chron.  33  :  7 ; 
Iso  Ez.  8  :  3,  5. 

And  in  another  equally  curious  form  SwDfe^.  tl^e  left,  the  left  side,  the 
orth;  when  we  remember  that  the  ancient  pantheon  sat  in  the  sides  of 
le  north,  in  the  hill  of  the  north  ;  while  the  Saboeon  mythology  had  for  its 
mbol  of  symbols,  the  pole  star  and  the  Great  Bear. 
Before  leaving  the  subject,  I  would  suggest  the  possibility  of  an 
'naology  from  n^V  TsVE  to  command,  rule,  a  precept ;  compared  witli 
'ery  characteristic  SM  to  command  in  Egyptian  (see  Birch  in  Bunsen, 
•  ^»  PP-  508,  509,  and  I,  p.  567)  Sem,  chief,  deputy  ;  Sainsu,  king's 
>vi.ty,  provincial  nobleman,  represented  by  the  spade,  and  a  man  hold- 
>  the  suten  or  royal  plant  in  his  right  hand.  Hence  Sam't  to  establish.! 
other  Hebrew  form  of  the  word  is  ^ojy,  S'BO,  not  radically  differing 
tti  the  other ;  and  a  third  form,  also  radically  identical  with  the  other 
^»  and  equally  referrable  to  the  more  ancient  Egyptian  form,  is  i22\i 
^T^,  meaning  to  command,  not  as  a  deputy,  but  as  a  judge.  And  in  this 
'  find  ourselves  returned  to  Samuel  as  tlie  great  Judge  in  Israel. 

ATJR  Is  light;  AUN— On.  the  city  of  the  Sun  In  Egypt,  called  by  Jerenilnh 
*^o  went  to  Egypt)  Beth  Shemesh,  house  of  the  Sun  ;  by  the  greeks,  Hellopo- 
b^lty  of  the  Bun;  by  the  Arabs,  fountain  of  the  Sun  (mistaking  AUN  for 
JN) ;  in  Coptic,  citein,  oein,  oudini,  light. 

T  Curiously  enough  the  same  word  was  used  for  a  conspirator,  with  various 
^^ographs  signifying  punishment  for  malfeasance  In  office. 
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Stated  Meeting,  June  17th,  1881. 

Present,  5  members. 

Vice-President,  Mr.  E.  K.  Price,  in  the  Cliair. 

A  letter  accepting  membership  was  received  from  Mr,  James 
A.  Murray,  dated  Mill  Hill,  Middlesex,  N.  W,,  England,  May 
7,  1881. 

A  letter  acknowledging  the  reception  of  his  diploma  was  re- 
ceived from  Mr.  C.  H.  F.  Peters,  dated  Hamilton  College, 
Clinton,  N.  Y.,  June  14,  1881. 

A  letter  acknowledging  Transactions  Vol.  XV,  No.  8,  was  re- 
ceived from  the  Smithsonian  Institution. 

Permission  was  granted  to  Major  Jed.  Hotchkiss,  of  Staun- 
ton, to  use  a  wood-cut. 

Acknowledgments  were  received  of  the  receipt  of  Transac- 
tions, XV,  No.  3,  from  the  Smithsonian  Institution,  and  of  Pro- 
ceedings, from  the  Austrian  Acad.  (104,  105);  Bavarian  Acad- 
emy (104,  105,  106;  List);  American  Statistical  Association 
(105,  106,  107;  List);  Connecticut  nistorical  Society  (108); 
American  Antiquarian  Society  (108) ;  Boston  Public  Library 
(108);  New  nami)shire  Historical  Society  (108);  Rssex  Insti- 
tute (108);  Rhode  Island  Historical  Society  (108);  New  York 
Historical  Society  (108);  New  Jersey  Historical  Socictj^  (108); 
New  York  Hospital  (108);  American  Ethnological  Society 
(108);  Astor  Library  (108);  Maryland  Historical  Society  (108); 
H.  Phillips,  Jr.  (108);  Pemisylvania  Historical  Society  (108); 
J.  F.  Carll  (108);  J.  H.  C.  Coflin,  W.  B.  Taylor,  Wajihingtou 
D.  C.  (108);  Georgia  Historical  Society  (108);  R  Peter,  Lex- 
ingtou,  Ky.  (108);  J.  M.  Hart,  Cincinnati,  Ohio  (108). 

Letters  of  envoy  were  received  from  the  Academies  at  Vienna 
and  Munich,  Brcithoff  and  Hartel,  at  Leipsig;  the  Holland  So- 
ciety, at  Harlem ;  Mus:6e  Guimet,  at  Lyons ;  N.  G.  d.  O.,  at 
Altenburg;  the  Manchester  Literary  and  Philosophical  So- 
ciety, and  the  Department  of  the  Interior  of  the  United  States, 
Washington,  D.  C. 

Donations  for  the  Library  were  received  from  the  R.  and  I. 
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Academies  at  St.  Petersburg,  Berlin,  Vienna,  Munich,  Gottin- 
gen  and  Rome ;  from  the  Societies  at  Gorlitz,  Leipsig,  OflFcn- 
bach,  Altenburg,  St.  Gall,  Harlem,  Manchester,  Glasgow,  Que- 
bec and  Montreal ;   from  Professor  William  Whitney,  from 
Ijeipsig;  the  Archives  at  Nijmegen;  the  Geological  and  Hor- 
ticultural Society  at  Berlin ;  the  Zoological  Garden  at  Frank- 
fort ;  the  Paris  Geographical  Society  ;  Revue  Politique ;  An- 
nales  des  Mines ;  Museum  of  Natural  History ;  Bureau  of  Longi- 
tudes ;     Observatory ;    Anthropological    Society ;    M.  Claud. 
Jannet ;  from  the  Academy  and  Geographical  Society  at  Bor- 
deaux ;  from  the  Observatories  at  Prag,  Munich,  San  Fernando, 
Oxibrd,  Stockholm  and  Washington ;  the  Trigonometrical  Sur- 
vey of  India  ;  the  Department  of  Mines ;  the  Royal  Society  of 
I^ew  South  Wales  and  Archibald  Leversidge,  at  Sidney ;  the 
Inspector  of  Mines,  Melbourne  ;  the  Royal  Institution  of  Great 
Britain,     Royal   Astronomical  Society,    Royal  Geographical 
dety,    Geological  Society,  Royal  Asiatic  Society,    Editors 
ature,  the  Chemist's  Journal,  Steven's  Historical  Collection 
^t  rid  Journal  of  Forestry,  at  London;  the  Natural  History  So- 
cji^ty  of  Northumberland ;  the  Radcliff  Observatory ;  the  Lit- 
erary and  Philosophical  Society,  at  Manchester;  the  Philo- 
s<:>jphical  Society,  at  Glasgow ;  the  Royal  Geological  Society  of 
Ireland;  the  Literary  and  Historical  Society  of  Quebec;  the 
O a. nadian  Naturalist ;  the  Museum  of  Comparative  Zoology,  at 
Boston ;  the  American  Journal  of  Science  ;  the  Pcabody  Acad- 
^^^^^y  of  Science ;  Professor  E.  D.  Cope,  the  Franklin  Institute, 
tti^  Medical  News  and  Journal  of  Pharmacy,  Thomas  Meehan, 
Hloiiry  Phillips,  Jr.,  at  Philadelphia ;  the  Peabody  Institute,  at 
^^^timore;  the  Chief  of  Engineers  U.  S.  A.,  the  Smithsonian 
I'^^^itution,  Bureau  of  Education,  United  States  National  Mu- 
^^'^m,  Rear  Admiral  John  Rodgers,  Edward  C.  Pickering  and 
-^^l)ert  S.  Gatchet,  at  Washington ;  from  Major  Jed.  Hotch- 
*^^^8;  the  Geological  Survey  of  Kentucky;  Wabash  College; 
^"^^  Historical  Society  of  New  Mexico  and  the  Ministerio  de 
*  ^^mento,  in  Mexico. 

Profeaaor  I.  C.  White  communicated  a  paper  entitled  "  Notes 
^^  the  Geology  of  West  Virginia ;  a  rectification  of  the  Sec- 


*        made  by  Mr.  Iloward  Grant  Jones,  and  publirfieH,  aiA 
le,  Notes  on  the  Cumberland  or  Potomac  Coal  Bbsh,'! 
'nineedingfi,  No.  1U7,  pages  111  to  116. 

Ror  P.  E.  Chase  communicated  a  paper  entitled  'Flu 
todynamic  Notes,  III,"  including  "  A  Series  of  Natural  Swi 
ard  Units  for  gravitating,  luminous,  thermal,  electrie  1^ 
chemical  comparison."  ' 

Dr.  George  A,  Kouig  communicated  a  paper  "  On  ifaiW 
a  now  mcmlwr  of  the  series  of  bismuth  sulpho  salts,"  bsb^m 
tribution  from  the  University  of  Pennsylvania." 

Pending  nominations  Noa.  934  to  936  and  ncur  noniimtiii 
Nos.  5)37  to  940  were  read.  : 

Permission  was  given  the  Librarian  to  permit  Prafi" 
Richards,  of  the  University  of  Pennsylvania,  to  takefrwi* 
librarj-  three  volumes  of  Bouillon  for  the  purpose  ol  [M 
graphing  the  engravings  for  his  lectures,  , 

The  Secretaries  were  authoriisod  to  furnish  Mr.  Henry  Pw 
lips,  Jr.,  one  of  the  Curatorw,  with  a  letter  introdudorrWra 
eign  correspondents  of  the  Society. 

And  the  meeting  was- adjourned. 


Jfotes  on  the   GfoJngy  nf   West   Virginia.     By  I.    C.    WJiite.  Pr^^iO"^ 
yutiiral  Ilhtory  in  the  Unicertily  of  W.   Va- 

ilUad  before  the  Anurican  P/.aotophkal  SocUty.  Junt  11,  J*") 

A  Rettifration  of  ike  Section  made  by  Mr.  Hotcnrd  Grant  Jimif.  ■"■*■  ^ 
Published  vnder  the  Title  of  "yolet  on  the  CiinAerl-and  or  M""^* 
Bnsin,"  in  I'rof.  A.  P.  S.,  No.  107,  pagu  111-116.* 

The  results  at  wliicli  Mr.  .lonrs  nrrived  concerning  Uie  diii'lii^. 
No.  XI  iilfing  tlic  Snrlli  Polomnr  river,  in  his  paper  rpai!  bffi"* ''*' 
ciely  lost  year,  were  so  stnrtling,  nnd  so  much  at  variance  from''? 
limited  knowledge  nftlie  geological  stnictiire  in  thai  region.  IhM '  ^^ 
mined  to  investigjile  Ihe  question  anew  at  the  first  opportuni'J  ''"^ 
May  of  the  present  year,  in  coin|iiiny  with  some  memliers  of  nj  ^"^ 
Geology  at  the  I'niVersity.  we  look  a  five  days"  cscursion  ibrM?* 
Piedmont  Kcyser  refrion.  and  ilie  pn-sent  pajH-r  is  the  result-  . 

As  will  be  seen  from  the  sequel,  thai  part  of  Mr.  Jones'  eeciw''  ^ 
No,  XII 


•  Itcitl  September  ITlli,  1480. 
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tfind  JM  dupUeatioit  of  No.  XI.  llif  "2(HX1'  redsliale."  wliicli  Mr.  Jouos 
[ilacMl  in  No.  SI,  being  CaUkitl.  seimreted  from  the  true  No.  SI  by  1150' 
of  gray  Pocono  (Tespenine)  (X)  Mndstone;  his  "440'  Lower  Mountain 
LimcsloDe"  is  Loie^r  Mdderberg  (No.  VI);  Ills  "100'  Fbcoao  landalont" 
M  tke  Whitt  Medina,  mare  than  10,000'  beUne  the  tfut  Fotoao. 

The  line  of  scctioa  eitonds  from  Piedmont.  Mlaenii  couniy,  West  Vir. 
f^wA  (and  Weslernport.  Maryland,  just  opposite),  soutli-eiiglwaril  along 
the  WisI  Virginia  side  of  the  North  Potoraac,  to  Keysor  (formerly  New 
Crook),  and  one  and  a  Unlf  luiles  beyond  to  the  Bummil  of  Knobby  uoun- 
Uin  <"Knohbley"). 

A  reference  to  tbe  accompanying  figure  nill  explain  ibe  structure  of  tbe 
riK-ka  along  Uie  seclion  line  which  Is  not  far  from  six  and  a  half  miles  in 
length. 

As  is  well  known,  t)ie  Cumberland,  or  Potomac  Coal  Basin,  lies  in  a 
trough  of  the  Allegheny  system  with  Savage  moiintsin  bounding  ii9 
nurth-wealem  rim,  and  Dan's  mountain*  its  south-enBlern.  The  North 
Potomai!,  aner  flowing  north-enslward  down  this  great  syncliue  IV>r 
many,  miles  in  West  Virginia,  receiver  the  SnvHge  river  at  Blooniing- 
ton,  near  the  Maryland  line,  whence  the  combined  stream  fiows  east- 
ward across  the  Basin  to  Piedmont,  two  miles  helow.  and  then  veering  la 
the  N)utli -east ward  cuts  wiuarely  through  the  Dan's  Front  llidge  moun- 
tain, continuing  on  across  the  upturned  edges  of  X,  IX.  and  VTII  to 
Keyaer,  when  trencliing  through  an  arch  of  VII,  and  the  upper  portion  of 
VI.  across  New  Creek  mountain  (ridge),  it  again  flows  north-eastward 
Along  the  north-western  slope  of  Knobby  mountain  to  Cumberland. 

From  an  Inspection  of  the  flgure.  It  will  be  observed  that  the  strata  are 
Kl(Dost  horizontal  in  the  vicinity  of  Piedmont,  and  Wesiernport ;  that  in 
going  souih-cnstnard  they  soon  begin  \a  rise  quite  rapidly,  the  lowest  beds 
of  No.  XII  coming  up  to  the  soaili-east  at  an  angle  of  125.  ihree-fburths 
of  a  mile  below  Piedmont.  Nob.  Xt.  X.  IX.  and  Vltl  come  up  succgs- 
eively  with  ronstaotly  steepening  dips  until  near  tbe  middle  of  VIII.  tlie 
rocks  are  vertical ;  flniilly  near  Keyser  the  Orisknny  sandBtonc,  No.  VII, 
M>tiieB  up  with  a  diminished  dip,  and  arching  over  the  anticlinal  axia  of 
New  Creek  mountain,  barely  dips  down  to  water  level  on  the  North 
Potomac,  making  a  very  shallow  and  sharp  syncUne,  since  it  Immediately 
returns  with  a  reverse  dip  of  B5°  to  the  North-west,  which  carries  No.  VII. 
VL  and  V  into  the  air  over  the  Walker's  ridge  anlidinnl,  one-hslf  mile 
aoulh-easl.  lo  come  down  again  on  a  soulh-eaat  dip  in  the  nionoclinal 
rwngo  of  Knobby  mountain,  whoso  crest  is  formed  by  the  OrUkaity  tand- 
ttoni  (No,  VII),  and  the  underlying  cherty  layers  at  the  top  of  llie  Iiower 
Hvlderberg  (No.  VI),  the  varying  composition  and  unequal  hardness  of 
which  give  rise  lo  tlie  peculiar  topography  that  has  given  name  (Knobby) 
to  the  range. 

0  general  discussion  of  the  data  in  this  section  U  reserved  for  a 


■r.  The  interrals  in  llie  foitowing  soclion  wpra  measured 
jwq  m  700'  below  tnp  of  the  Mftuch  Chunk  red  shale,  with  one 
Bomiiensiited  aiieroida,  the  rest  of  llio  B<«tion  being  oblaiaed  by 
1  fmm  the  obscrvfid  dips  nod  moaaunid  horiKODtal  distaners. 
leases  tiius  arrit'cd  at  are  deemed  tstlier  nniler  lima  alioTe  llie 
<  a  small  percentage  of  error  must  ueoesaarily  enter  iuto  ihe 
in  of  every  such  suction. 


1.  Massive  sandstone,  coarse  grayish -white,  most  prfibii- 
bly  equivalent  to  one  often  found  in  Oroiiiic  Co.. 
Pa.,  100'  below  the  Waynesburg  coal.  It  caps  the 
summit  of  WeBicniport  hill 33'  0" 

3.  MoBily  oincenied.  but  showlngsome  outcrops  of  flaggy 

sandstone  and  sluile 130'  0" 

3.  Co'il  /,/,.«■»«(,  large,  Sewickley  ? — 

4.  Concealed 90'  0" 

G.   91iale,  grayish , 2'  0" 

_  J      I-  Coal,  impure  . .  0'     8"  1 

D»rlt.late 4'     0"      R^f.^i,.    r,  g,, 

Coal,  slaty....  1'  0"  [ 
Shale,  grayish .  1'  0"  J 
Coal,  main  Iseuch.noparllngg,  all  good  10' 0"  >     10'  8" 


■  pi 

is 


Slale. 
xjj,  good  ....  0'  10" 

Parting 0"-  i" 

Coal,  not  mined  2'    0" 

.  Dark  slate 

■.  Soft  carbonaceous  sluile 

.  Shales,  drab 

.  Sandstone,  flaggy,  and  shaly  . , 

.  Concealed 

.  Coal,  blossom.    Elk  Lick  / . . . , 

.  Concealed 

.   Coal,  blossom 

.  Concealed 

.  Coat 


'.  Concealed 

I.  Sandstone,  massive,  t>ebbly.     Upper  Mahoning 

I.  Concealed,  with  a  caal  reported  4'  thick  just  below  top 

of  the  interval 

I.   Lower  Mahoning  8,  8,,  massive,  visible 

.  Concealed 

.   Coal,  Upper  Freeport f  Coal 2'  0"  1 

Mr.  Simnglcr's  opening.  <  Shale,  gray. .  1'  0"  > , . .. 

Westernport  liilt.  (  Coal 3'  0"  J 

.  Concealed 


0'  8" 

0'  2" 

IS'  0" 

25'  0" 

140'  0" 

100'  0" 

140'  0" 

4'  0" 

35'  0" 

30'  0" 

90'  0" 

20'  0'' 

10'  0"  J 

5'  0" 

10'  0" 

:»i.| 
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24. 
25. 
2C. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 

a5. 

36. 


Shale,  bluish 

Coal 

Fireclay 

Concealed 

Sandstone,  very  hard 

**  shaly 

Shales,  sandstone  and  concealed 

Dark  bituminous  shales 

Goal,  visible 

Dark  shales  and  concealed 

Very  massive  sandstone,  Lower  Freeport 

Shales,  drab 

^^^^  (  Middle  Kittannmg  >   f  Coai.  slaty .. .  V  0" 

(  Darlington > 

Mr.  Spangler's  opening  in  - 
Western  port  hill. 


Bony  coal 0'  8" 

Goal,  pyritous  V  4" 
Slate,  hard. . .  0'  i" 
Coal,  best. ...  2'  6"  J 


10'  0' 
2'  6' 
2'  0' 

10'  0' 
2'  0' 
5'  0' 

55'  0' 
5'  0' 
2'  0' 

10'  0' 

50'  0' 
0'-5'  0' 


5'  ^" 


[White. 
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37. 
38. 
30. 
40. 
41. 
42. 
^\. 
44. 


Fireclay,  very  sandy 

Shales  with  nodular  iron  ore , 

Fireclay,  impure 

Flaggy  sandstone 

Concealed 

Fireclay,  verj'  sandy  and  impure. , 

Flaggy  sandstone 

Sandy  shales 

Piedmont     > 


45.  Massive  sandstone 


Homewood  J 


46.  Coal 

47.  Dark  shales,  containing  many  fossil  plants,  Pecopteris 

dentata,  P.  polymorph^/,  NeuropterUfle^tuosa,  N.  acuti- 
folia,  Odont^Urts  sp.  ?  and  many  other  common 
Coal  mta^ure  fonns ;  also  many  nodules  of  "Kidney  ** 
iron  ore,  all  seen  in  cutting  at  Davis's  bridge  (Saw 
mill  road)  opposite  Piedmont 

48.  Sandstone,  hard,  somewhat  current  bedded,  inclined 

to  be  flaggy,  weathering  in  holes,  seen  in  cliflf  to 
level  of  North  Potomac,  at  Piedmont,  just  above  the 
C.  &P.  R.  R.  bridge 

49.  Dark  shales  (coaly)  and  concealed 

50.  Sandstone,   flaggy 

51 .  Shale,  dark  olive 

52.  Coal 

53.  Fireclay,  dark,  sandy 

54.  Sandstone,  flaggy,  with  coal  streaks , . 

55.  Coal 

56.  Shale  with  nodular  iron  ore 

67.  Shales  and  flaggy  sandstone 


8' 

0" 

2' 

0" 

4' 

0" 

20' 

0" 

25' 

0" 

10'  0" 

10'  0" 

15' 

0" 

20' 

0" 

9./ 

(\ff 

45' 


40'  0' 

30'  0' 

10'  0' 

2'  0' 

1'  0' 

12'  0' 

10'  0' 

1'  6' 

2'  0' 

40'  0' 


^268' 


o 


X 


451' 


58.  Mnssivc,  very  banl,  grayish -while  flne  grained  sand- 

Btono,  with  some  small  [>ebbles,  cxiiibiiiug  in  its 
lower  porlion  between  the  lajera,  at  intervals  of  2' 
to  3'  n  kmd  of  imperfect  crjstallizalion.  by  which  tk 
Tenical  section  through  the  laycre  mtich  reitcinblee 
along  llie  bedding  planes  the  large  inlRrlockin^  teeth 
of  an  animal.  This  peculiar  Blructure  was  observed 
at  lociiihieB  3  ms.  disWiit,  and  seems  lo  be  cliamcter- 
islic  of  tills  stratum  in  the  Piedmont  region.  Seen 
fiirniiDg  a  long  line  of  ciifis  on  the  Maryland  side  of 
the  Potomikc,  1  mile  below  Piedmont,  and  also  cap- 
ping the  summit  of  the  Front  Ridge  Alieghenf  on 
the  W.  Vtt.  side,  2  ma.  below  Piedmont 4.1'  0" 

59.  GoalihaU B'  0" 

00.  Concealed  with  some  ^alo  and  flaggy  S.  8.  risible. . .  145'  0" 
61.  Snndfilone,  massive IC  0" 

63.  Bituminous  filiitle 10'  0" 

03.  Sandstone,  flaggy 10'  0" 

64.  Sandstone,  massive,  whiiish  (base  of  XII) 20'  0"  . 

65.  Coai,  set^n  at  roadside  along  the  Maryland  shore  of 

North  Potomac,  1  m.  below  Piedmont 1'  0" 

66.  Sandstone,  drab 4'  0" 

67.  Fireclay  and  shale 8'  ()" 

68.  Sandy  sljale 4'  0" 

611,  Shales,  brown,  containing  iron  ore 10'  0" 

70.  Redakak 10'  0" 

71.  Sandstone,  flaggj-,  greenish -gray,  with  much  shale...     40'  0" 

72.  Concealed 40'  0" 

73.  Sandstone,  somewhat  massive,  greenish-gray 30'  0" 

74.  Concealed,  but  showing  occasional  appearances  of  Ttd 

lAale,  and  very  probably  largely  composed  of  that 
material 375'  0" 

75.  Sandstone,  somewhat  masaive,  but  often  inclined  to 

be  flaggy,  green isli-gray ;  seen  in  cliffs  along  the  B. 
&  O,  R.  R.  cuts,  near  the  205th  mile  post  from  Balti- 
more, below  Piedmont 130'  0" 

76.  Red  thalea 3S'  0" 

77.  Slialcs,  greenish,  sandy 20'  0" 

78.  Red  thnle  to  level  of  B.  &  O.  R.  R.  track  at  little  run 

76  rods  east  from  the  205th  m.  |>.  from  Baltimore ...     10'  0" 
7S.  Concealed  150'  0" 

80.  Limestone,    gray,    fossl  life  roils,    containing   Spirifer 

keoknk,  Athyri*  tub-qaadrata,  Pr&diielu§  eora,  Hemi- 
proaiUi  eraaaiu,  and  many  Grinoidal  fragments 10'  0" 

81.  Concealed,  but  probably  containing  several  layers  of 

limestone 90'  0" 

83.  Limestone,  gray,  massive 5'  0" 
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83.  Red  shaki  and  concealed 140'  0" 

84.  Sandstone,  coarse,  brownish,  visible 5'  0" 

85.  Concealed , 50' 0" 

86.  Limestone,  grayish- white,  no  fossils  seen 10'  0" 

87.  Silicioxis  Limeiione  (of  Stevenson  in  Fayette  and  West- 

moreland, Pa.),  exhibiting  a  wavy  or  current  bedded 
structure  and  giving  forth  a  metallic  resonance  when 
struck  with  hammer 80'  0" 

88.  Vespertine,  Poeono,  or  N^o.  X,  consisting  of  gray,  current  bedded, 

mostly  flaggy  sandstones,  no  conglomerates  seen,  nor  red 
shales  ;  rising  at  an  angle  of  18^ — 20^  towards  the  8.  E.  and 
extending  along  the  B.  &  O.  K.  R.  for  58  chains,  the  lowest 
layers  rising  above  R.  R.  level  33  chains  east  from  the  204th 
Baltimore  m.  p.     Thickness,  about 1150' 

89.  Catskill,  or  N^o.  IX,  consisting  of  dark  red  shales  alternating 

with  red,  and  greenish-gray  sandstones,  coniaXmxig  fish  remains, 
but  no  moUuscan  seen  ;  rising  towards  the  S.  E.  at  an  angle  of 
25-  at  top  and  35^  where  the  bottom  layers  come  up  7  chains 
west  of  the  203d  m.  p.  thus  making  a  vertical  thickness  of, 
say 1 300' 

90.  Chemung,  consisting  of  alternate  layers  of  thin,  olive 

sandstones,  and  shales,  very  fossiliferous,  and  perfectly 
exposed  along  the  B.  &  O.  R.  R.  in  vicinity  of  203d 
m.  p.  ;  coming  up  towards  the  S.  £.  at  an  angle  of 
35^,  and  at  the  end  of  10^  chains  the  dip  is  in- 
creased to  45^,  thus  giving  an  approximate  thickness 
of  Chemung  down  to  this  point  of  about 400' 

91.  Conglomerate,   composed  of  very  thin,   flat,    rounded 

quartz  pebbles,  in  a  matrix  of  coarse  rotten  sand  with 
numerous  fossil  shells  imbedded,  very  forcibly  remind- 
ing one  of  the  Venango  Lower  (3d)  Oil  Sand  ;  thick- 
ness      2' 

92.  Chemung  flaggy  sandstones  and  shales  continue  rising 

at  an  angle  of  45^  for  16  rods  further  towards  the  S. 
E.  all  perfectly  exposed,  and  very  fossiliferous  ;  thick- 
ness about 200' 

93.  Concealed,  13^  chains,  at  the  end  of  which  the  strata  are  rising 

at  an  angle  of  62^  towards  the  S.  E.  thus  making  the  interven- 
ing rock  thickness  about 700' 

94.  ConglomercUe,   a  gray,   hard  sandstone,   containing  numerous 

layers  filled  with  flattish,  white  quartz  pebbles 40' 

95.  As  we  go  8.  E.  trom  this  point  toward  Keyser,  the  rocks  rapidly 

increase  their  dip  to  the  N.  W.  and  at  J  mile  from  the  outcrop 
of  No.  94,  are  vertical ;  continuing  thus  or  even  slightly  bent 
over  beyond  the  perpendicular  to  the  end  of  100  chains  (1^  ms) 
from  No.  94.    Exposures  are  rare  in  this  interval,  as  there  are 

FBOC.  AMER.  PHIL08.  80C.  XIX.  109.  8d.      PBIKTED  JULY  14,  1881. 


o 

o 

•I 

s. 

*^ 
602' 

g 

o 

B 

c 
s 


444 


fJUB 


seldi  more  than  5' — 10'  espoaoil  al  any  one  localily,  Mid 
these  are  in  every  case  olire,  and  drali  colored  shaleo.  The 
lopography  also  shons  that  no  hard  nor massivL-  rocks. ucfuria 
tills  inlervnl,  since  on  Rnlerlng  It  tile  mountain  tnimf^itnirly 
brenkfl  down  to  the  S.  G.,  givinp  tt  broad  rallej  along  the 
Polomai;,  bordered  by  gently  Bloping  hillocks.  The  tntemtl 
includes  all  the  rest  of  No.  VIIl,  whatever  there  may  be  of 
Partnge,  Hamilton  Kti  Oomiferaut,  and  iU  thickness  cannol  he 
less  than BOM 

9G.  Oritkany  St h Alton f  (No.  VII),  rises  above  the  North  Potomac 
nearly  opposite  the  dfepot  at  Keyser,  and  arcliins  up  OTPr  New 
Creek  ridge  (nionntain)  forms  the  bold  cliff  at  Qnei>n's  point, 
oppoBlle  Keyser,  400'  almoal  vertically  above  the  river ;  ■  vei^ 
coarse,  brownish  sandslone,  filled  with  its  characteristic  fiMsils. 
Bpirifer  itrenuiiu,  Rtntaelarria  otoideinad  Ftatj/ferat  mnfrita- 
ium;  it  comes  down  to  the  river  at  theR.lt.  cut  a  short  distance 
east  froTO  Keyser,  with  a  strong  south-easi  dip,  but  immediately 
reltiming  it  comes  up  again  with  a  strong  N.  W.  dip  (95-1, 
and  arching  up  passes  in  the  air  over  the  next  anticline  to  corns 
down  ajniln  along  the  (monoclinnl)  crest  of  Knobby  moanrnin 
< ' '  Kaoi>bley  ">.     Thickuew '0' 

97.  Lower  Helderburg  (No.  TI>  ;  «t  top  a  gray  sillcioiis  timeatone, 
with  several  layers  of  flint  6" — 10"  thick,  interstratified  for 
about  150',  then  follow  blue  and  gray  layers  of  pure  limestone 
tXcYiXy  fo»»iUferou*.  StrapU^meanritdialu,  S.rugota,  Peatnmtrm 
ptt'iiUhgaUata*,  Rkyathon-eUa  tentrieona,  Spirifer  tnaeropffinu, 
Alrypa  retiealitrii,  Ti'iitneiiUiu»  oraulug,  Leptrdiiia  iilt'i,  besidf^ 
nmnarous  species  of  Fueotil'i.  ZapkreniU,  Stromatopora.  and 
Chitfetci,  being  very  abiindanl.  Very  fine  TrUobittt  are  al?" 
reported  from  some  of  I  he  quarries,  which  from  their  (reported) 
size  must  be  s])ecies  of  A»iiph<i».  This  is  the  limestone  whicb 
was  identified  in  II,  G,  Jones's  section  as  the  Laatr  Mmiiihrn 
Li'iteslone  of  XI.  and  440'  thick.  My  measurements  make  it 
murh  thicker,  however  ;  it  is  finely  exposed  along  Limeslnne 
run  one-half  mile  S.  E.  from  Keyser;  it  makes  the  N.  W. 
slope  of  Knobby  mountain  nil  the  way  between  Keyser  and 
Cumberland,  the  upper  silicious  layers  often  forming  the  irreg- 
ular crest  of  tlie  same  ;  its  uppermost  300'  are  also  eipo>4-il 
under  the  great  arch  of  Oriakany  Sandstone  at  Queen's  poinl 
opposite  Keyser,  where  the  North  Potomac  cuts  through  Ne" 
Creek  mountain.  The  fossils  given  were  all  seen  in  the  upper 
portion  of  the  formation.  No  attempt  was  made  to  subdivide 
the  scries,  which  consists  of  limestone  throughout,  the  measurf - 
nicnt  of  which  south -eastward  along  Iiiiucslone  run  gave  ih( 
hiiri/ontal  dislanru  through  it  It)  chains,  with  a  N.  W.  dip  of 
630,  whith  wouldgivealiiickncssof. l** 


.]  44:5  [White. 

.  A  succession  of  shales,  marls  and  thin  shaly  limestones,  with 
occasional  brown  flaggy  sandstones  ;  near  the  centre  of  which 
occur  very  strong  salt  springs  from  which  considerable  salt  was 
formerly  manufactured,  the  whole  representing  the   Salina 

group  of  New  York.     Thickness  about 850' 

(a)  Hard  gray  flaggy  sandstone,  20'.  then  follows 
(6)  a  succession  of  brownish  sandy  shales  with  a  few  thin  layers 
of  impure  limestone  near .  the  centre,  and  two  layers  of  iron 
ore,  the  one  6''  the  other  12"  thick,  and  separated  by  10'  of 
shales,  50'  below  the  centre  ;   thickness  about  300'.      Then 
comes 
(c)  the  main  mass  of  the  Clinton  fossil  iron  ore  20'  thick,  quite 
rich  in  iron,  but  entirely  too  siliceous  ;  once  shipped  from  the 
land  of  Mr.  N.  Alcaire  on  Limestone  run  by  Uniontown,  Pa., 
parties  to  Lemont  Furnace  and  one  or  two  in  Pittsburgh,  but 
after  a  thorough  trial  condemned  by  them  all  as  too  siliceous. 
((f)  Shales,  40'  thick. 

This  whole  gfoup  (a,  6,  c,  (f),  and  probably  a  portion  of  the 
overlying  350'  in  No.  98,  representing  whatever  there  may  be 
of  Niagara  (if  any)  and  all  of  the  Clinton  (No.  V)  ;  entire  thick- 
ness (a.  6,  c,  d) 380' 

.  Medina  Sandstone  (No.  IV  in  part),  seen  forming  the  lowest 
rocks  in  the  ridge  (anticlinal)  half  way  between  New  Creek 
mountain  and  Knobby  range,  the  upper  portion  reddish  brown 
to  gray  iron -stained  sandstone,  containing  Anthrophycus 
harlani  in  great  numbers,  thickness  150' ;  lower  portion  an 
almost  snow-white,  very  hard,  fine  grained  sandstone,  some 
portions  slightly  streaked  with  iron,  thickness  125' ;  finely 
exposed  on  Limestone  run,  one  mile  above  its  mouth  where 
that  stream  cuts  through  the  Walker's  Ridge  axis.  This  is  the 
stratum  which  Mr.  H.  G.  Jones  identified  as  the  Pocono,  or 
white  sandstone  of  X,  the  100'  sandstone  with  which  his  sec- 
tion ends  (see  Proc.  A.  P.  8.  Vol.  XIX,  No.  107,  page  116). 
(On  the  B.  &  O.  R.  R.,  one  mile  west  from  Brady's  Mills,  15 
miles  east  from  Keyser  this  white  sandstone  is  seen  in  a  R.R. 
cut  100'  thick,  and  below  it  500'  of  drab,  brown,  and  bluish 
shales  ending  in  flaggy  sandstones  at  base.)  Entire  thickness 
of  Medina  at  Keyser  to  base  of  white  sandstone 275' 

SUMMARY. 

Carboniferotis. 

er  Coal  measures  (XV) 268' 

eos  (XIV)   600' 

er  Coal  measures  (XIII) 268' 

Slomerate  measures  (XII) 451'  }•     3929' 

clx  Chunk  shale  852'? 

lutam  Limestone  340'$  ^    ^ ^ 

«>no  (Vespertine)  (X) IIW 


Lnwet  erourg  Limeslone  fVIl KMC 

Salina        i 

Niiigarat    [    (V) 730'        !Ky 

Clinton     J 

Mt'iiiiiii  Sandstoue    275'  >  (IV) 775' 

Meiliniishnles*         BOO' i  {in  pun)  

Total  height  of  Buclion IS.SM' 


Pholoaymmit   Notei,  IIT.    By   I^iny   EnrU   Chnnf.  LL.D..  Prv/'-ar  4 
Pkilotophy  ill  Sateiftfrd  CoUtsi. 

(flfrtrf  before  the  Aiaerkan  P/iihiophiMl  Soi^irty,  Jnm  17.  ISSl.) 

46.   Bttllar  Rflattoni  qf  the  Corona  Line  and  of  Matt. 

Thp  laws  of  harmonic  (ethereal  oscillation,  which  fii  plnnetary  in"!'-* 

within  tlie  milar  fystcm  in  aceorilHnpe  with  spectral  lines  (Note  3T),  -liririlii 

also  be  luanlfeated  between  stellar  systems.     Such  a  manifestation  it  found 

in  lUu  iirojiortion 

1"  :  (ai6.53+l)'  ::  460  :  46,379,800 (1) 

In  this  proportion,  the  niass  at  liie  centre  of  condensiilion  (E«nli|  L' 
represented  by  1;  the  inasii  at  the  centre  of  nebulosity  (Jupiter)  by  SlK.iS, 
Ihe  distance  of  a  Ofnlaun  by  46379800 ;  the  disUnce  of  Earth'^  muo'iil 
locus  (Note  45}  by  460,  or  tlie  cosmical  equivalent  of  Ihe  corona  lint- 
Tliu  xquarc  of  the  moss  varies  as  ruciprocal  rtt  rira,  or  orbital  rit  tir"  « 
uniform  dUtancc,  and  alao  as  distance  of  orbital  projection  at  uniConn 
distance  against  uniform  resistance. 

The  abscissas  of  the  slcliar-solnr  paral>oloid  may  therefore  be  nimpulpl 
by  means  ot  Sun's  sen) i-dia meter,  Laplace's  limit,  and  (lie  corona  liin',  » 
follows  : 

t^  =214.43  »*„  + 497.837  =  .4307721  r. (3) 

iF,  =  3)rr„  X  214.43* -f-315.')8149  =  . 0008252538  r, (S) 

fl„  =  p.'  ^  '■,  =  .0000003800440;-, (*) 

f,  =2p^  -t- P,  =  2203750  sec (5) 

•  5eou  near  BniJy's  MlLlii,  15  lulJua  onsc  Troni  Keyser. 
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L  =  214. 45r 


3 


M 


(—LJ\    ==  86. 8658ro (6) 
1  year/ 

=  ^^1  ro  =  474657.14ro (7) 


log.  ^  =  log.  i  ==  —  .7781513 

log.  ^  4-  log.  19,y  +  log.  361C  =  log.  (JL)  =  1.2085109 

log.  f  +  log.  39iy+log.l521f  =  log.  [(317.58)'  X  460.002]  =  7.6663302. 

log.  f  =  .0055982. 

log.,y=— .0018046316. 

The  following  table  gives  the  logarithms,  both  of  the  centripetal  and 
the  centrifugal  abscissas,  as  calculated  by  the  formula  : 

log.  A^  =  log.  ^  ±  n  log.  7j  +  n^  log.  f . 

Centripetal,  Centrifugal, 

(log.  ^  +  n  log.  rj  +  n''  log.  f ).      (log.  ^  —  n  log.  iy  +  w«  log.  f ) 


n 

o 
1 
2 
8 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
L  29 


—.7781518 

—.7743577 

—.7593678 

—.7331814 

—.6957986 

—.6472195 

—.5874439 

—.5164719 

—.4343036 

—.3409388 

—.2363776 

—.1206200 

.0063339'  1 

.1444843 

.2938311 

.4543742 

.6261138 

.8090498 

1.0031821 

1.2085109 

1.4250361 

1.6527576  1 

1.8916756 

2.1417900 

2.4031007 

2.6756079 

2.9593115 

3.2542114 

3.5603078 

3.8776006 


—.7781518 

—.7707485 

—.7521492 

—.7223536 

—.6813616 

—.6291731 

—.5657883 

—.4912071 

—.4054294 

—.3084554 

—.2002850 

—.0809182 

.0496451 

.1914047 

.3443607 

.5085132 

.6838620 

.8704072 

1.0681489 

1.2770869 

1.4972213 

1.7285522  1 

1.9710794 

2.2248030 

2.4897231 

2.7658395 

3.0531523 

3.3516616 

8.6618672 

8.9823602 


Ct-ntripeljil. 
4.2000898 
4,0457753 
4,8W10573 
5,2587307 
5,6320104 
«.01fl481l) 
0.4121402 
6.8100131 
7.3370735  . 


Cnntrifngnl. 
4.SUS«7S 

0.013)337 
5.S77841S 
6,7547204 

B.  1428(08 
B.543«IKfl 

T.H743asS  , 
7.90700  IS 


In  each  set,  the  nine  abscisg  to  20  IncluBive,  and  thc'  ninelhvn 

30  to  38  inclnsive,  have  no  oi_   _.  QiHcance,  except  as  iadicMin^  i 

sjmnielrical  lilvisinn  of  the  aliaciKsas.  i  Ibree  gmupH  of  3*  each,  betwrrn 
the  star  and  the  Sun'x  surface.  The  :  from  SI  to  29  inclusiTc  indinti 
different  plnneUry  influGncca  in  the  t..  _  tets,  which  seem  to  he  wonhv  of 
further  uludj.  If  we  take  the  a nti -logarithms  and  divide  hj  314.04,  tn 
order  to  gel  the  aliBciBSJiB  in  terms  of  Earth's  semi-axis  major,  wc  find  Ik« 
following  accordauces  : 
n  L'entrlpetal.  Plaaetary  lool. 
SI        .210    i  Mercury.  .199 

32         MS    I  TenUB,  .363 

23  .040    S  Enrih  m.  p.,      .044 

24  1,180  J  Mars,  1.142 
35  2.309  !  Asteroid  55,  2.208 
28      4.246    j  Juiutcr,            4.330 

27  8.374    ^Sulorn,  8.178 

28  16.843     i  Uraous,  10.78« 

29  3fl,IT»     I  Neptune,         35.040 
The  fi>regoing  talile  furnishes  the  following  indicationo  : 

1.  Thai  (here  are  hiiniionic  influences  u])on  relative  ma: 
extending  from  Ihe  stars  lo  the  Sun,  of  a  similar  character 
are  manifested  within  the  sohtr  system. 

2.  TItat  tiie^c  are  thc  only  knownaud  measurable  evident 
yet  i>een  discovered,  of  Jntvr.slellnr  action. 

3.  Tliat  the  influences  are  of  such  a  clmracter  as  are  required  by  Ihe  tf- 
sUtnnce  of  n<Hleg  of  great  comparative  inertia  in  a  highly  elastic  vibraiiog 
medium. 

■  4.  Tiiat  there  is,  therefore,  some  interstellar  medium,  to  which  the  !««• 
of  elastic  action  and  reaction  are  applicable. 

■  W<!  fltid,  however,  upon  ^xnmlnntlon.  tlint  log.  Xi».  T.2tTnT35i)  1b  njail  (o 
log.  L  +  linM.  orlog.I,H,(l.5«0«9M  +  6.67e-i80U),  Tills  gives  fuur  elDraenH  foril*. 
termlnlng  the  pnnibnlnld,  where  only  three  are  required.  Any  three  of  Uiaela- 
nients  furnlitli  ilAtarordeiermlnlng  them^tiwea  oFbtun,  Jupiter »ad  E^rLb;8iui'< 
volume  iind  density;  Lnpliicc'E  limit;  solar  miiduliia  of  Itgbt;  ooraQallDa;  tUH- 
lardistauceund  the  rupturing  planetary  loci. 


1.440  Mars  m.  p., 

2.720  Anteroid  45, 

5.370  Jupiter. 

10.479  Saturn  s.  a.. 

21.38-2  Uranus  s.  a., 

44,705  J  Neptune  m. 


!.791 
5,308 
10.3U 
20O 
W5!* 


which  hit( 
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5.  That  the  inter-stellar  radial  influences  are  so  modified,  by  mutual  ac- 
tion and  re-action,  as  to  become  paraboloidal. 

6.  That  the  centripetal  influences  tend  to  produce  and  maintain  nebular 
condensation,  planetary  segregation  and  orbital  revolution.* 

7.  That  the  centrifugal  influences  tend  to  produce  and  maintain  mean 
or  apsidal  positions  for  the  condensed  planets. 

8.  That  the  harmonic  waves  are  propagated  with  the  velocity  of  light. 

9.  That  the  controlling  mass  of  the  whole  solar  system  (Sun),  as  well  as 
the  subordinately  controlling  masses  of  the  extra -asteroidal  and  intra -as- 
teroidal  belts  (Jupiter,  Earth),  are  harmonically  dependent  upon  the  os- 
cillations of  the  inter-stellar  medium. 

10.  That  the  corona-,  hydrogen-,  and  basic -lines  serve  to  link  cosmical 
with  chemical,  molecular,  and  other  physical  phenomena. 

11.  That  the  outermost  known  planet  (Neptune)  gives  evidences  of 
nebular  influence,  in  its  centrifugal  as  well  as  in  its  centripetal  abscissa, 
the  centripetal  coefficient  being  the  reciprocal  of  Saturn's,  and  the  centrifu- 
gal coefficient  being  the  reciprocal  of  Earth's  centripetal.  The  centrifugal 
abscissa  represents  the  locus  of  a  nebular  surface  which  would  yield  plane- 
tary aggregation  in  Neptune's  orbit,  through  subsidence-collision. 

12.  That  the  centre  of  condensation  (Earth)  has  no  special  centrifugal 
abscissa. 

13.  That  the  centrifiigal  abscissas  for  Venus  and  Mars  point  to  early 
apsidal  stages  of  central  condensation. 

14.  That  Earth's  centripetal  abscissa  represents  the  locus  of  belt-forma- 
tion in  a  nebula  extending  to  Earth's  mean  rupturing  locus  (mean  peri- 
helion). 

15.  That  the  elements  of  the  controlling  paraboloid  are  all  maxima,  r©, 
(Sun's  semi-diameter),  being  the  locus  of  greatest  gravitating  energy  ;  L, 
(L*aplace's  limit),  the  limiting  locus  of  greatest  possible  atmosphere  ;  Ju- 
piter and  Earth,  the  greatest  and  controlling  masses  of  their  respective 
helts. 

16.  That  the  velocity  of  light  and  Sun's  mass,  upon  which  r^  and  L  de- 
pend, are  also  maxima,  and  all  physical  phenomena  within  the  system 
should  be  in  harmonic  dependence  uix>n  their  mutual  actions  and  re- 
actions. 

47.  Physical  Units  of  Nature. 

In  the  Philosophical  Magazine  for  May,  1881,  Dr.  Stoney  republishes  a 
paper  on  physical  units,  which  he  read  before  the  British  Association  in 
1874,  giving  approximate  values  for  Lj,  Tj,  Mj.  More  than  five  years  be-  - 
fore  his  original  paper  was  read,  I  had  communicated  to  the  American 
Philosophical  Societyf  the  equation,  t*  =  flf,  ^,  in  which  u  =  velocity  of 
light,  which  Stoney  represents  by  Vj  =  8  VIII  inetres  per  second  ;  Qi  =  ac- 
celeration of  gravity  at  Sun's  equatorial  surface  ;  ti  =  i  time  of  solar  ro- 
tation. 

«B«e  (;,  anie,  pp.  2064. 
fproc.  ▲.  P.  8.,  zl,  ^06^. 


450 


This  equQtioD  furnislicd  the  data  for  compTiting;  a  leas  arbitrary  stm*  i>f 
naliirnl  units,  L„,  T^,  M,.     The  British  NBiitioHl  AlDittiiftc  gives  nn  nlimtir 
or  Swn's  apparpnt  semi -diameter,    (r^),   which  niHkce  Eftith's  ncmi-uli 
major  equiTatcnt  to  214,45  r„.     Hence  we  AdA  (Bee  foregoing  note): 
T,  =  V,  =  B^  =  .4307721  r.  =  3  VIH  molro*. 
%   =.000«252556r„  =  430448  metres. 
G.  =  ,0000003909446  r„  =  273.26  molrea. 


=  ©■- 


474637.14  r.  =  33X111 11 


!S  f^  solar  modulus  of  li^ 


T„  =Q-°  =  1101875  sec, 

M„  K  jfH  =  381 700  ©  =  2  XXXHI  graramw!. 

Aninng  Ihp  apparent  advantages  of  these  units  over  those  of  Dr.  Stun?;, 
are  the  following : 

1.  L„  is  the  lieight  of  a  homogencoiis  tethercAl  solat  envelope,  niid 
would  propagate  waves  wiili  the  velocity  of  light. 

2.  T.  is  the  time  in  which  tlie  Hum  of  the  solar  centripetal  aecelenii»> 
of  niBJiimum  gravilalion  is  equivalent  to  the  sum  of  the  solar  ttucdoM 
BgnluBt  the  centre  of  gravity  of  all  other  coamical  bodies,  in  the  •1i«bW 
projection  from  and  return  towanls  the  disturhing  centre  of  gntvily, 

8,  H,  is  the  controlling  mass  of  the  system,  and,  conaeqiieolly,  ofiU  I 
the  {ihysical  phenomena  wliich  occur  in  any  part  of  it. 

4.  L,„  Ty  M,  can  be  estimated  more  easily  and  more  accuraielr  i^i^ 
!>,.  T„  M,, 

5.  G,  is  llie  greatest  possible  graviijttiDg  acceleration  within  our  ff*' 

0.  V„  is  the  greatest  known  velocity  of  wave. propagation.  It  b  iro« 
that  'Whcalslone's  unconfirmed  experiments,  as  well  as  my  own  t 
CM  vinn  of  excursion  to  fm  tita  of  propagation  (Q  :  5),  indicate  pvUf' 
possible  velocities.  But  ffhealstone  did  not  eliminate  llie  influence  of  in 
duction,  and  Maxwell's  application  of  my  ratio  was  confined  to  tbeeicor- 
sion  of  particles  through  very  narrow  limits. 

7.  All  of  those  maxima  are  eminently  natural  maxima,  and.  ili«i«t<^ 
BUiliible  Ibr  niuunil  standards. 

Tin-  followiii);  cciimtions  show  the  mutual  relations  of  the  tn"  «■« '' 

L,  -+-  L,  =  33  L. 

T.  -f-  T,  —  33  L. 
M„^M,=   2  XL. 

48.  Rotiling  Fw  TTr.i, 
ralii)  of  the  velocity  of  light  to  the  equalorial  I'd'**' 
expressed,  as  I  have  sliown  (Note  34),  by  the  p)^ 


Tlic  pllotfHlynani 
of  sicllur  rotation  ii 


^ 


Stellar  mndultis  of  light  r  stellar  si 
The  centre  of  gravity  of  the  universe  i 


li- circumference  :  : 
isi  he  stable,  so  Gir 
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ing  action  of  its  constituent  bodies  is  concerned.  The  particles  of  a  star 
nebula,  exposed  to  eethereal  oscillations,  are  solicited  simultaneously 
wards  the  local  and  towards  the  universal  centre  of  gravity.  The  accel- 
ations,  relatively  to  the  stellar  or  nebular  centre,  on  the  side  towards  the 
liversal  centre,  and  the  retardations  on  the  opposite  side,  necessarily 
educe  rotation.  The  duration  of  the  rotation  must  be  such  as  to  main- 
in  cyclical  equilibrium  among  the  three  activities  of  general  luminous 
idulation,  general  gravitation  and  local  gravitation. 
Equality  of  action  and  reaction  should  lead  to  harmonies  of  vis  viva  and 
mass,  which  may  become  especially  prominent  when  there  are  two 
rgely  preponderating  bodies  in  a  system,  as  in  the  case  of  Sun  and  Ju- 
ter.  Their  mutual  actions  and  reactions,  being  exerted  through  a  com- 
on  radius,  are  proportioned  to  their  masses.  The  mean  v%8  viva  of  rotation 
sing  represented  by  a  virtual  projection  of  mass  through  .4r,  if  we  con- 
fer the  modulus  of  light  as  the  virtual  projection  due  to  Sun's  mass  dur- 
ig  the  cyclical  disturbances  of  equilibrium,  we  may  suppose 

an's  mass  :  Jupiter's  mass  :  :  Modulus  :  .4  Jupiter's  semi-axis  major. 

1047.879:  1  ::  474657. 14:  453 

opiter's semi-axis majoris 5.2028x214.45  =  1115.74;  .4 of  1115. 74  =  446. 8. 

The  theoretical  projection  is,  therefore,  1.0149525  times  the  mean-pro- 
ction,  and  there  is  an  exact  accordance,  twice  during  each  revolution  of 
f>iter  around  the  Sun.  For,  according  to  Stockwell,*  the  secular  mini- 
im  value  of  Jupiter's  eccentricity  is  equal  to  .0254928.  Neptune's 
..ximum  eccentricity,  according  to  the  same  authority,  is  .0145066,  and 
^  the  mean  eccentricity  of  Uranus  is  .0149538.  These  accordances  seem 
raificant,  in  view  of  Jupiter's  central  nebular  position  between  Uranus 
1  Neptune,  at  their  opposition. 

49.  FuTtJur  SteUa/r  Relations  of  Mass. 

^^e  paraboloidal  formula,  x^  =  ^Tj"f "',  may  be  expressed  under  the  form 
=:  ^  (tj  f  )*•  f ",  the  successive  terms  being  found  by  the  product  of  cor- 

l>ondlng  terms  of  two  geometrical  series.  They  may,  therefore,  be 
^en  to  represent  the  mutual  actions  and  reactions  of  two  co-ordinate 
isses,  like  Sun  and  Jupiter.  The  geometric  variations  of  density,  which 
^^rd  with  arithmetical  variations  of  distance,  suggest  the  proportion, 
Tote  46) : 

^n's  mass  :  Jupiter's  mass  :  :        a^        :  39  X  Jupiter's  semi-axis  major. 
1047.879  :  1  :  :  46379946t  :  44260.8 

This  gives,  for  Jupiter's  theoretical  semi-axis  major,  44260.8  -f-  89  = 
'^.9,  which  is  1.017165  times  the  estimate  of  the  British  Nautical  Al- 
*nac  (Note  48).  This  is  less  than  the  secular  minimum  aplielion  of 
•ipiter,  so  that  the  locus  is  traversed  twice  during  each  revolution  of  Ju- 
Itcr  about  the  Sun. 

^Bmithsonlan  Contributions,  232,  p.  88. 

tThe  togarlthm  otxsts  being  7.6663302,  the  abscissa  itself  is  46S70016  ro. 
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If  wc  moke  the  grraleat  possihie  allowauce  for  um^ortainUffi  of  ilUi,ftl 
relations  of  intFr-iiluneturj*  and  ioter-eleUat  di8liuii-«a  to  lUe  Uirve  impnt- 
ual  masses,  whiclt  arc  sliuwa  by  the  present  nute  and  the  ibjwc  fongsioi 
niitea,  are  close  enougb  to  be  very  curioua,  even  if  >r(^  could  tliiok  Uta 
merely  ticcidcntal.  luastnurb  as  they  bave  been  disciircrod  liy  a  uinpk 
consideration  uf  tlie  consequences  wbich  ouglit  to  follow,  tluvw^h  llw 
known  laws  of  elasticity,  frooi  thi;  interruiition  of  luuituotM  tilinliau 
and  tlie  formation  of  nodes  by  coBmical  JiuTlU,  tbey  arv  moru  tliau  curtmu. 
for  tbey  arc  Indicative  of  the  unity  of  energy  wbLdt  baa  long  been  tboogki 
to  control  all  pbysical  uiiuiifeslalions. 

00.  Harmoaic  Mamm. 
Twice  modulus  Is  the  radius  of  rectilinear  oncillRTion,  wbtcb  mmld  ll 
syncbronoiiB  with  orbitjil  oselllatioo  about  a  major  tixh  equivaleDi  roikM 
of  Ihe  homogeneous  wlhercal  Mmosphcre.  The  dependence  of  modntai 
u]M)D  solar  mass  and  radius  makes  it  probable  tbai  there  may  be  a  hamotiit 
dependence,  of  a  like  eJiaracter,  among  the  priociiial  planetary  mawM 
We  find,  indeed,  tliat  the  four  eKtra-aateroiibil  planets  hare  hsrmoiu.' 
masses,  inasmuch  as  Uiey  may  all  closely  be  represented  by  the  fumiiiU 
Sua        8  X  Modulus  ,         .         ,   ,  ,         , 

Planet  ^^ n~r '       "l''*'l'  "  l^  integral,  eo  (but  the  second  niaai 

of  tbe  cquaUon  gives  four  terms  of  a  harmonic  progression. 

nra  3M  -t-  n  r.  Computed  Values.  Autharlti-. 

BOflr,         1M7.81  1047.88  =  Sun -i- Jupiter.         Bessel. 

271  r,         3503.  3501.6   =  Sun  -;-  Saturn. 

42  r.        32003.  23Gl)0.      =  Sun  -4-  Uranus.  Newcomb. 

40  7-.        19374.  10380.      ^  Sun -<- Neptune. 

That  these  approximations  are  not  accidental,  may  be  shown  by  mm- 
paring  the  probable  with  the  actual  deviations  ttom  exact  accordano' 
Probable.  Aatual.  P  t  i- 

i  of  4,  =  . 00027  7 -=-104781  =.000007  4 

^of  3ly  =  .000ft2  14^    35030  =  .000399  3-3 

i  of  ,i,  =  .00595  3  -I-    82003  =  .000133  4« 

-  i  of  ,1,  —  .00610  0-t-    19380  =  .000809  17 

TliD  deviations  are  ao  fiir  witliin  the  limits  of  probable  errors  of  nu» 
that  the  accordance  may,  perhaps,  be  exact.  But  absolute  exacine.'t,  ta 
the  saiififnciion  of  any  mechanical  tendencies  is  not  lo  be  eipccted.  Tbtn 
are  so  many  and  so  various  moditying  intluence?.  in  all  cnse».  tbat  w 
re9iilt  which  is  in  complete  acconlance  with  theory  should  be  regBnl«l " 
more  suspicious  than  one  which  suggests  slight  perturbations  from  ii* 
unknown  cauae. 

61.  Subordinitlt  Mattti. 
If  "the  exception  proves  Ihe  rule,"  we  may  And  that  the  perturbaliMi 
which  were  spoken  of  in  the  foregoing  note,  may  introduce  apiiarenr  i 
ceplious,  in  subordinate  masses,  which  are  really  conflnualory  of  the  ki 
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moiric  tendencies  in  largef  masses.  Taking  the  neatest  integral  values  of 
n  for  each  of  the  intra>asteroidal  planets,  we  may  constmct  the  following 
comparative  table : 

OmnpatedValaes.  Anthbrtty. 
8098500  =  Sun  -f-  Mars.  Hall. 

381700  =  Sun  -f-  Earth.  Chase. 

427240  =  Bun  -+■  Venus.  Hill. 

4865751  =  Sun  h-  Mercury.  Encke. 

The  actual  values  of  nr^  which  wQuld  give  the  computed  values  of 
mass,  are  .307,  2.862,  2.222,  .204.  There  is  an  approximation  to  the  inte- 
gral values  of  n,  in  the  cases  of  Earth  and  Venus,  that  of  Earth  having  the 
same  probability  as  that  of  Saturn,  2.3.  •  The  probability  for  Venus  is  only 
^  as  great,  or  1.15.  The  masses  of  Mercury  and  Mars  are  evidently  con- 
trolled by  some  other  law,  which  overrides  that  of  the  repetition  of  solar 
radial  nodes. 

52.  BeeifTOcal  Coefficients. 

I  have  pointed  out*  the  reciprocity  between  the  coefficients  of  the 
glelte'-iiolar  abscissas  which  indicate  rupturing  loci  for  Saturn  and  Nep- 
tOiie.  This  reciprocity  is  interesting,  not  only  for  indicating  the  inverse 
rotation  of  two  portions  of  a  primitive  nebula,  but  also  for  introducing  the 
harmonic  ratio  of  mass,  into  the  retrograde  portion,  which  is  shown  in 
Note  50.    We  accordingly  have  the  two  following  proportions  : 

0^  :  ^  :  :  mg  :  m,  :  :  6  :  7. 
2^  :  ^9  :  :  772,  :  m,  :  :  7  :  6. 

In  these  proportions,  x  represents  the  stellar-solar  abscissa,  or  rupturing 
locus  ;  p,  semi-axis  major ;  m,  mass ;  subscript  ,,  g,  9,  Saturn,  Uranus, 
Neptune. 

53.  Total  Planetary  Mass, 

Notes  46,  48,  49  and  52  indicate  the  probability  of  some  photodynamic 
influence  in  determining  the  primitive  ratio  of  solar  (m^)  to  planetary 
mass  (m^).     On  examination  we  find 

f  modulus  :  Sun's  semi-diameter  :  :       m^^      :  m^. 
553767       :  1  :  :  744.155'  :   1«. 

The  following  table  gives  the  computed  masses  of  the  several  planets, 
Son's  mass  being  represented  by  10,000,000,000. 

Mercury,  2,055  Encke. 

Venus,  23.406  Hill. 

Earth,  30,148  Chase. 

Mars,  3,233  Hall. 

Jupiter,  9,543,087  Bessel. 

Saturn,  2,855.837  Bessel. 

TJranus,  442.478  Newcomb. 

Neptune,  515,996  Newcomb. 

Sum,  18,416,240  =  m.  *  746.865. 

^Ante,  p.  909. 
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Thia  v«hw  dlffin  bf  1cm  thau  }  of  nne  per  cent,  ttom  the  nbove  theoretic  -X  ^att 
«ftl  valae.  If  tbemmof  tbe  HBteroidal  and  comelary  maa^es  is  about  1 1^.^  li 
gnu  OS  Eanh'e  nuM,  the  acL-ordancu  <s  txact.  The  additional  eviden<wn>.M:iG 
wltich  It  ftirniahes,  both  of  early  piintodynAmle  rupturing  and  rvclprucalljC  ff  Blj 
rotating  inflnetices,  (J,  f),  may  prove  to  be  as  important  as  it  is  iotcrKt  :»9^*t- 
ing.  The  total  planetary  mbsa  ia  very  nearly  2  x  7  timm  Mie  retrogtwleljE:  -T^J/ 
rotating  niBSB  of  Unniu  and  Neptune.  '  ■  ^■^■f*.--!  - 

54,  Atoraie  Weight: 

The  dose  approximation  to  integral  msAs-dlvimra  (Kot«8  SO.  SI),  fn  >1  f -^11 
the  known  primary  planets  except  Mercury  and  Mars,  is  like  the  atomio^  Be 
kpproximalions  to  exact  multipleii  of  the  hydrogen  unit.  Tiiis  fact,  to^cr=:^ 
.  gether  with  the  many  evidences  of  tendencies  to  harmonic  warL'-lengiii^  -^■' 
among  spectral  llnea,  suggests  the  proluliility  of  harmonic  influences  upoL^K  -a 
atomic  weight,  as  well  as  upon  atomic  velocity. 

There  is  still  sn  much  uncertainty  in  regard  to  many  of  the  atomic  Sc 
w^hts,  that  it  Is  imposaibie  to  determine,  with  exactness,  the  various  snb  ■^c;:^- 
AvisionB  of  which  nny  giyeu  element  may  be  susceptible.  It  is  evident  -^^X. 
however,  tlut  certain  factors  enter  more  fV«iueDt]y  into  the  atomic  ratio*  ^r~it 
than  could  tn  looked  for  from  the  mere  laws  of  protiBbllity.  nnd  ii 
not  seem  tinreasotiable  to  hope  for  future  light  upon  the  nature  of  c 
cal  combination,  from  the  Mudy  of  mBihomalical  combinations. 

The  factors  which  seem  worthy  of  special  attention  are,  2,  3»,  8»,  2*.  8" 
5',  7,  13.  The  combtuation  of  the  powers  of  2  with  prime  numbera  L 
shown  in  the  following  table  : 


N 


11 


13 
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groups  arc  also  suggestive  : 
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C 
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Li 
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Mo 
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Bi 
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Mg 
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Ru,  Rh 

TX    4 

Bi 
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Si 
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Ag 

7X    5 
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Cd 

7x8 

Fe 

13  X    4 

Cr 

4x  10 

Ca 

4x35 

Ce 
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Cu 
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Zd 

4x  11 

Sc 

4  X  45 

La 

7x10 

Oa 

18  X    8 

8e 

4X  13 

Ti 

4X  46 

W 

7X  18 

Cd 

18  X    8 

Bu. 

4X  13 

Cr 

4x50 

Hg 

7x18 

Te 

18X14 

Ta 

4X  14 

Fe 

4x  51 

Tl 

7  xlfl 

Cs 

18x16 

Oa 

4X  17 

Ga 

4  X53 

Bi 

7x20 

Ce 

18X18 

Bi 

4x  30 

Br 

4X60 

U 

Bismuth 

,  00  account  of  the 
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If  208  is  Its  true  value,  it  should  be  excluded  firom  the  first  two 

All  these  arrangements  are,  for  the  present,  only  tentative,  but 

that  an  increase  in  accuracy  of  determination  will  be  more  likely 

^se  than  to  diminish  the  number  of  indications  of  this  kind. 

^anticipation  of  a  ''ponderable  disturbance  of  equilibrium,  which 

^e  rise  to  aethereal  oscillations  in  every  chemical  action,"  was  pub- 
1864*.  The  confirmations  of  that  anticipation,  by  Cooke,  Men- 
Meyer  and  others,  lead  me  to  hope  that  a  careftil  consideration  of 

mon  factors  in  different  supposed  elements  will  help  towards  further 

and,  perhaps,  towards  the  final  discovery  of  the  laws  by  which 

mical  substances  are  developed  from  a  single  primitive  form  of 

55.  A  NcUuraX  Thermal  Unit, 

expression  for  the  mechanical  equivalent  of  heat  which  introduces 
:rces  of  a  thermometer-scale,  must  have  an  arbitrary  character  which 
y  interfere  with  the  ready  conversion  of  thermal  into  other  dynamic 
as^xrements.  Moreover,  it  may  well  be  questioned  whether  the  mass- 
5tox-  sliould  be  chosen,  rather  than  the  velocity-factor  of  vis  viva,  as  a  unit 
cornparison.  If  we  consider  force  as  a  representative  of  matter  in  mo- 
>n,  f^iflferent  kinds  of  force  would  seem  to  be  fitly  characterized  by  differ- 
ices  of  velocity  rather  than  by  differences  of  mass. 
'I^^Te  is  an  obvious  propriety  in  taking  water  as  a  representative  medium, 
»nt  tl^ere  is  no  more  need  of  considering  a  pound,  or  a  kilogram,  or  any 
rthCT'  definite  quantity,  in  ordinary  thermodynamic  investigations,  than 
beT^  is  in  chemical  researches.  The  three  changes  of  state  through  which 
^atex*  passes,  represent  different  well-defined  amounts  of  work.  The 
;Iiai^^^  from  gas  to  vapor  and  from  liquid  to  solid  do  not  involve  any 
*®^^tial  change  of  form,  but  the  change  from  vapor  to  liquid  converts  an 
Dde^uitely  expansible  and  compressible  substance  into  one  which  is  but 
*  S^tly  expansible  and  almost  incompressible.  It  thus  furnishes  a  natural 
^"^rtnal  unit  (u^),  which  is  a  bond  between  tendencies  to  aggregation 
•^^  to  dissociation  and  a  convenient  standard  for  comparison  between  the 
^^1  actions  and  reactions  of  various  forms  of  energy. 

An  atom  or  quantity  x  of  water,  in  passing  from  the  fusing  to  the  boil- 
^g  temperature,  absorbs  an  energy  sufiicient  to  lift  itself  772  X  180  feet, 
^*  423.54  X  100  metres.    This  represents  a  wave-  or  projectile -velocity 

•k  =  V^2gh  =  2986.3  feet  =  .56558  miles  =  .9102  kilometres  per  second. 

56.   Weighing  the  Sun  by  the  ThefTnometer, 

In  two  wave-systems,  which  are  due,  either  directly  or  indirectly,  to  syn- 
chronous actions  and  reactions  between  two  different  masses,  the  wave- 

fxt 
velocities  are  proportioned  to  the  producing  masses ;  for  v^oc  gtoc  —j 

OC  /A*    We  have  already  found  (Note  47)  that  the  wave-velocity  of  solar 

•Froe.  Amer.  Phil.  Soo.,  Ix,  489. 
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reaction agBinstwiliereBlaciinn  (Q,T„)  i»ihe  velocilyof  ligiit  (*,),  Then 
fore,  if  r^  anil  v,  ore  primitively  synclironoue,  deeigQ^ting  KsrUi's  mudI- 
axii  major  by  pt, 

Bub'b  mnBa  (ji,)  :  Eartli'B  niaw  (/i,)  :  :  t^  :  v^  :  :  ^f^j  ■  -56558  idIIm.  .(1) 

e  dt^signate  Sun'e  and  Earth's  densities,  regpectiTely,  by  j,  and  1^ 

, fJ) 

3,^J.::(S::V£)    -(s^Vj)    ::  (lOOM)' :  (3078.0)' ::  I  ;  .28«.,ffi 

tSubslitutmg  (3)  in  (S)  we  find,  by  eliminaUoD  betKQen  (1)  and  (3), 

ft  =  92,472.100  m!!eB. 

f,  =^,  -i-  211.48  =  481,200  mUes. 

57.   ConverlUiHiiy  of  Xaiural  Unit*. 

Slonijy's  natutioB,  with  the  modiflcHlioDB  proposed  in  Note  4T,  connR« 
l.ltc  electric  and  ptiotic  unitB  through  the  oquittion  ; 

0.  ^  L.  -.-  T„  =  I  -^  i  =  e  -.-  E  =  CC  -1-  c)*  =  <r  -*-  R)* 
The  gravitating,  photic,  tlieimal  and  electric  units  are.  thvreibK,  IdKi- 

courertible  by  the  equulion 

G,  T,  =  «.  =  -°  r,  =  r,  =  185,751.6  miles  =  898,930  kilometres. 

It  seeniB  probable,  in  view  of  the  mean  result  of  my  other  physiftl  in- 
vent i);H  I  ions,  that  tlie  alrove  values  of  fi,  and  p,  may  be.  respectiveir, 
about  one  per  rent.,  and  J  of  one  per  cent.,  too  small.  If  the  calorie  sad 
J  were  estimated  at  the  equator,  the  approximation  would  probablv  be 
still  closer  and,  perhaps,  exact. 

58.   Solar  Temperature. 
The  infinitely  projectile  or  radiating  power  of  a  central  mass  varies  ti 

]/3  gr  X  \'y-  When  the  comparison  of  mutual  solar  and  terrestrial  K- 
tions  and  reactions  is  made  through  their  common  nidiusorseuu-aiLis  m^or, 

V— oc  /.'lOCV— ■  As  E,  is  the  thermal  equivalent- velocity  at  Esrth'i 
surface  for  lOCP  C,  wc  may  infer  that  the  mean  ladiating  tempenuarr. 
at  Suu-s  surface,  is  3,  x  lOCP  x  v' 338, 434  =  37.789  x  5730ea  =  158»9IV 
C.  The  temperature  deduced  from  Sun's  semi-diameter  (r,)  is  i.^'en' 
=  1C:J84:«P  C,  being  1.0307  times  the  value  which  is  indicated  by  tk 
mutual  actions  and  reactions  of  solar  and  terrestrial  mass.     This  appnui- 
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mat  ion  would  be  very  satisfactory,  even  without  attempting  to  account 

for  the  discrepancy.    It  is  of  the  same  order  of  magnitude  as  the  orbital 

projections  of  the  planets,  and  it  represents,  very  closely,  the  vis  vita  of 

Jupiter's  secular  apsidal  oscillation.    For  the  ordinary  thermal  equivalent 

varies  as  the  square  of  the  corresponding  velocity,  or  as  the  fourth  power 

of  orbital  velocity.    The  fourth  power  of  1.0307  is  1. 1287  ;  Jupiter's  secular 

1.06083 
fii%  viva  of  projection,  according  to  Stockwell,*  is  ~qomW  =  1.1296. 

59.  BBrmanSMif  of  8tandard$. 

The  three  controlling  masses,  at  the  nebulous  centre,  the  nucleal  centre, 
and  the  centre  of  condensation,  exert  a  combined  thermodynamic  influence 
which  may  lend  interest  to  a  closer  examination  of  the  several  interconver- 
tible standards  (Note  57).  It  is  noteworthy,  at  the  outset,  that  they  are 
all  maxima ;  G^  representing  the  greatest  gravitating  energy  in  the  solar 
system  ;  T^  the  cyclical  time  of  maximum  disturbance  of  the  centripetal 
tendencies  of  G„ ;  v^=  u,,  the  greatest  known  velocity  of  wave-propaga- 
tion ;  fi^  the  greatest  mass  in  the  solar  system  ;  /i,,  the  mass  which  exer- 
cises the  greatest  local  influence  upon  the  physical  phenomena  which  are 
susceptible  of  the  most  minute  observation  ;  v^,  the  greatest  thermal  range 
between  the  centripetal  and  centrifugal  forms  of  the  most  widely  diffused 
and  most  imi)ortant  body  which  is  well  known  in  the  three  states  of  solid, 
liquid  and  gas  ;  L„  =  G„  T^',  the  sum  of  the  accelerations  of  G,  during  T„. 
The  law  of  conservation  of  areas,  as  well  as  the  law  of  constancy,  re- 
quires that  G^  should  vary  inversely  as  T^,  in  all  stages  of  solar  nebular 
condensation.  The  photic  unit,  u^^,  on  account  of  the  abundant  evidence 
of  its  universal  activity,  as  well  as  on  account  of  the  laws  of  equal  action 
and  reaction,  and  of  the  inverse  variability  of  elasticity  and  density  in  ho- 
mogeneous media,  is  presumably  invariable.  The  thermal  unit,  f,^,  Is 
practically  constant,  but  its  dependence  upon  relations  of  mass  which  may 
be  subject  to  slight,  though  inappreciable,  variations,  subordinates  it  to  the 
photic  unit.  The  electric  unit,  v^,  being  identical  with  the  photic  unit,  the 
question  arises,  which  of  the  two  should  be  regarded  as  primary,  and  which 
as  secondary.  Do  not  the  facts  that  light  is  universal,  while  the  various 
electrical  units  represent  local  relations,  indicate  the  proper  answer  ? 

60.  ffeat  and  Electricity. 

The  probability  of  arriving  at  the  unity  of  force  through  the  study  of 
sethereal  oscillations,  was  indicated  by  me  in  1864. f  The  special  relations 
of  electricity  to  heat,  which  Edlund  subsequently  discussed  with  great 
ability  and  fullness,  are  shown  by  the  pro^iortions, 

(I        e  ]Q  [7       h\ 

T  =  E  =  \  c  =  A/"R  =  T^/  :  ^  -  /^  :  Z^- 
C  :  c  tj/  :  :  r  :  R  Dk«  :  :  fi^  :  /i,'. 

•  Smithsonian  ContrlbatlonB,  232,  p.  38. 
t  Proc.  Am.  Phi).  See.,  ix,  35S-0O. 
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61.  PkoUhihermal  Uwit. 

Since  temperature  >rarieB  as  the  square  of  the  Telodtj,  we  hare, 

V    ':        9j*      :  :  1W> :  as. 

.6e558>  :  185,761.8>  :  :  lOQO  :  107868400000000. 

The  corresponding  projectile  absdssa  may  he  found,  in  terms  of  Su^^  ^*^ 
semi-diameter,  by  multipl3ring  by  1889.6  and  dividing  by  r^  (Note  5»-  '^); 
1889.6  X  10,786,240,000,000  h-  (481,206  X  S880)  »:  6688M6 ;  log. 
=  6.8184418.    This  agrees,  within  less  than  |  of  one  per  cent,  with 
photodynamic  detennination  of  the  third  centripetal  absdssa  in  the  stell 
solar  paraboloid,  (log.  A,,  =  6.8190181,  Note  46). 

62.  TKermo-graioie  BM'obeMd, 

By  taking  ^r^,  f  L,  and  A„  as  the  paraboloidal  elements,  we  subsUli^i  r^** 
the  thermal  for  the  photic  aspect  of  the  eethereal  waves  and  are  enabled  ^^ 
compare  gravitating  actions  with  thermal  reactions.    We  thus  find. 

Log.  If  =  —.001788816 
Log.  f  =  .0065978414 

The  closeness  of  agreement  between  the  photic  and  thermal  abedsBas 
shown  by  the  following  comparisons : 

LocQs.  Photle.  Thermal.  Btllbrenee. 

A„    i    Mercury,  1.6527576  1.6527216  .0084  of  1  per  cent 

Aa    }    Neptune,  3.8770006  8.8773517  .0578 

A„     a    Ceniauri,  7.0663303  7.6050006  .150 

The  greatest  diflference  ia,  therefore,  less  than  J  of  one  per  cent.  Th 
l)hoto-therraal  unit  (Agg  =  L  M,  see  Note  40),  is  intermediate  betwee 
the  photo-gravic  unit  (A„),  and  the  stellar  locus  (A,,).  We  have  thus 
five  elementary  loci  where  only  three  are  required.  By  equations  of  con- 
dition we  ouglit  to  be  able  to  determine  all  the  values  which  are  involved, 
with  much  greater  accuracy  than  will  ever  bo  possible  by  astronomical 
observations. 

03.   Unity  of  Farce, 

The  belief  that  all  forms  of  force  are  modifications  of  one  fundamental 
energy,  is  as  old  as  the  oldest  Greek  philosophy,  but  no  approximation 
towards  a  demonstration  of  the  belief  seems  to  have  been  made  until  Rum- 
ford  performed  his  experiments  at  Munich,  in  1798.  During  the  present 
century,  the  undulatory  theory  of  light  has  commanded  a  general  accept- 
ance, the  science  of  thernKxlynamics  has  been  largely  developed,  and  Tyn- 
dall's  works  have  made  the  reading  world  familiar  with  the  proofs  that 
hc'it  is  a  mode  of  motion.  Stephenson  taught  that  the  energies  of  sunlight 
were  stored  in  vegetable  growths  and  in  coal-beds;  Herschel  called  attention 
to  the  enormous  elasticity  of  luminiferous  aether  and  to  the  Sun*s  rays  as 
"the  ultimate  source  of  almost  every  motion  which  takes  place  on  the  sur- 
face of  the  earth  ;  "  Titius,  Bode,  Alexander  and  Kirkwood,  presented  evi- 
dences of  law  in  planetary  arrangement ;  Peirce  and  Hill  found  similar 


<(        <( 
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evidences  in  times  of  planetary  revolution ;  Faraday  strove  in  vain  to 
reconcile  the  law  of  gravitation  with  the  theory  of  conservation  of  energy  ; 
Weber  and  Kohlrausch  introduced  a  general  kinetic  notation  and  found 
the  importance  of  the  velocity  of  light  in  electrical  phenomena  ;  Faraday 
discovered  the  magnetic  influence  upon  light  and  Sir  William  Thomson 
stated  that  "the  explanation  of  all  phenomena  of  electromagnetic  attrac- 
tion or  repulsion,  and  of  electromagnetic  induction  is  to  be  looked  for 
simply  in  the  inertia  and  pressure  of  the  matter  of  which  the  motions 
constitute  heat ;"  Maxwell*  considered  magnetic  force  as  the  effect  of  the 
centrifugal  force  of  vortices,  electromagnetic  induction  as  the  effect  of  the 
forces  called  into  play  when  the  velocity  of  the  vortices  is  changing,  elec- 
tromotive force  as  arising  from  the  stress  on  the  connecting  mechanism, 
and  electric  displacement  as  arising  from  the  elastic  yielding  of  the  con- 
necting mechanism. 

64.  Reclamation, 

In  1863,  I  began  a  systematic  series  of  investigations,  in  the  hope  of 
9^r\fying,  by  numerical  measurements,  some  of  the  supposed  consequences 
which  seemed  to  flow  jfh>m  the  foregoing  researches  and  hypotheses,  and 
of  finding  new  clues  to  the  values  and  relations  of  the'  ftmdamental  ele- 
ments of  physical  energy.  The  division  of  forces  into  attractive  and  repul- 
sive, as  well  as  the  equality  of  action  and  reaction  led  me  to  the  study  of 
the  laws  of  elasticity  and  their  influence  on  undulatory  and  cyclical  mo- 
tions. In  my  first  paperf  I  called  attention  to  the  effects  of  cyclically 
alternating  acceleration  and  retardation  during  rotation  or  revolution. 
In  the  course  of  the  seven  following  months,  I  pointed  out  various  rela- 
tions which  seemed  to  have  been  previously  unnoticed,  between  heat, 
gravitation,  electricity  and  magnetism,  showing  that  many  of  the  phe- 
nomena could  be  imitated  and  explained  by  the  mechanical  propagation  of 
Tibrations.  The  tendencies  to  equilibrium  between  gravitating  pressure 
and  flBthereal  elasticity,  the  necessary  production  of  continual  oscillations 
by  opposing  forces,  the  possibility  of  accounting  for  gravitation,  electricity 
and  magnetism  by  such  oscillations  moving  with  the  rapidity  of  light, 
were  all  discussed  during  this  period. 

65.  Musical  Rhythm. 

Fourier  (Note  83)  seems  to  have  first  given  a  mathematical  demonstra- 
tion of  the  necessity  that  cyclical  motions  should  be  also  rhythmical.  If 
the  luminiferous  ether  is  anything  more  than  a  hypothesis,  which  helps  to 
explain  an  indefinite  variety  of  phenomena,  the  tendency  to  the  produc- 
tion of  harmonic  nodes  in  elastic  media  must  greatly  multiply  the  rhyth- 
mical manifestations,  both  cosmical  and  molecular.  Some  of  those  har- 
monies have  long  been  known,  their  discovery  having  been  apparently  the 
result  of  accident,  or  of  a  happy  guess.  The  number  which  will  hereafter 
be  made  known  will  depend,  in  large  measure,  on  the  skill  with  which 

•  Eleetricity  and  Magnetism,  11. 417. 
t  Proe.  Am.  Phil.  Boo.,  ix,  285,  Dea  1868. 
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lines  of  inrcBllgation  are  guided  hy  nn  understanding  of  tUe  influences  »  *■ 
conseqacaces  of  elasilo  action  and  reaction. 

00.  Miut.  DUtiiue  and  Tinu. 
Laplace  reg.irded  force  a^  proportionnl  to  velocity,  treating  inimcnlm' 
or  tile  pcoduet  of  mass  liy  velocity,  as  Ihc  result  of  force  acting  o 
He  deflned  velocity  as  "  the  ratio  of  the  Bpac*  to  the  time  employed  in  l— " 
scribing  it."  More  recent  writers  consider  force  as  equivaloni  to  'u  cii^ 
involving  both  matter  and  motion,  and  represented  by  one-tutif  llie  pr" 

duel  of  mnas  by  the  sqiuro  of  velocity,  -5-.    Often,  howOTer.  they  ff 

low  L»plare  in  treating  velocity  as  a  ratio,  designating  distance 

hy  I,  and  time  by  (.     The  symbols  m,  t.  t,  therefore,  are  applicable  In 

discusslonB  at  force,  and  their  use  has  paved  the  way  for  a  ready  acci 

:e  of  any  evidence  which  may  be  adduced  respecting  the  subslaaili 
unity  of  fbrce.  The  flnotualing  and  arliltary  values  which  liave  bee 
assigned  to  the  symbols,  and  the  lacli  of  any  univcTBaily  recogniKed  siani' 
arda  of  measurement,  have  obslruoled  the  discovery  of  evidence  withoi 
weakening  the  iMlief  in  kinetic  unity.     Even  the  reeognition  of  b  con 

Q  velocity,  in  liglit  and  electricity,   seenis  to  have  led  to 
search  for  common  standards  of  length  and 

67.  Minima,  Minima  and  Meai 

Tn  all  ordinary  investigation s.  In  any  special  department  of  dyntal 
we  deal  with  observed  values  which  have  a  limited  range,  with  a  view 
finding  tlie  most  probable  mean.     In  the  study  of  forces  wlifch  vary 
accordance  witli  known  or  supposed  law,  minimum  or  vanishing  valui 
claim  special  consideration.    For  a  fliil  understanding  of  any  Birce  w 
must  olso  know  llie  greatest  energy  of  wliich  it  is  capable,  or  «f  whlcJi  w 
can  obtain  any  practical  experience.    If  we  wish  tn  compare  different  kind 
of  force,  in  order  to  ascertain  the  eharaclcr  of  supreme  and  cuntrollin: 
energy,  It  seems  especially  important  lliiit  we  should  turn  our  atf^enfion.     — 
at  the  outset,  to  the. greatest  manifestations  of  each  of  tlie  elements  n^3 
energy,  m,  I,  (. 

68.  Light  and  SUrlricity. 

Por  a  long  time,  little  was  known  of  electricity  except  the  phenomena  of" 
attraction,  repuluon.  and  luminous  man  i  festal  ion.  Faraday's  want  of 
success  in  searclilng  Ibr  some  bond  of  union  between  electricity  and  gnv. 
ItaCion,  deterred  others  from  continuing  the  search.  The  aadUhUOfy 
theory  of  light  enabled  Weber  and  KohlrauBch  to  make  tlutlr  ftrM  deter- 
mination of  a  velocity,  which  serves  to  connect  many  electrostatic  and 
electromagnetic  phenomena,  and  wldch  Is  of  the  same  onler  nf  magni- 
tude as  the  velocity  of  light,  t^.  Their  subsequent  in vcaligalinnK,  together 
mitli  those  of  Thomson,  Maswell,  Ayrton  and  Perry,  sliuwed  that  llie  iwn 
velocities  are  not  only  of  the  same  order  of  nuignitnde,  but  tint  tlicy  ati' 


! 


l»l.J  ™1  lCbM6. 

probably  identical,  so  that  light  and  electricity  may  be  properly  regarded 
&8  different  modifications  of  a  more  fundamental  energy.  Their  common 
velocity  is  the  greatest  known  velocity  of  wave-propagation,  and  we  are 
thus  further  encouraged  to  the  study  of  maxima  as  indications  of  kinetic 
unity.  The  elements  I,  t,  and  m  are  still  arbitrarily  assumed  in  electrical 
treatises,  notwithstanding  the  suggeetiveness  of  the  well-known  equation 


3f  wave-velocity,  «  =  |/2 

68.  Bleetro^iaUo  and  EleetronutgneHe  Dimemians, 

Although  arbitrary  values  have  been  assigned  to  m,  Z  and  t,  in  electrical 
liscussion,  the  same  values  are  generally  assumed  in  electrostatic  and  elec- 
tromagnetic comparisons.  It  has  thus  been  found  that  the  ratio  between 
the  two  systems  is  the  velocity  of  light  for  quantity  of  electricity,  electric 
current,  magnetic  potential,  electric  displacement,  surface  density,  mag- 
netic force,  strength  of  current  at  a  point,  quantity  of  magnetism,  electro- 
kinetic  momentum  of  a  circuit,  line-integral  of  electromotive  force,  mag- 
netic induction,  electromotive  force  at  a  point,  and  vector  i>otential.  The 
ratio  is  the  square  of  the  velocity  fbr  electrostatic  or  electromagnetic  capa- 
city, dielectric  or  magnetic  inductive  capacity,  conductivity  and  resist- 
since.  The  product  of  these  two  ratios  by  mass,  fhmishes  indications  of 
momentum  and  dm  mva  which  will  doubtless  be  useful  in  many  general 
kinetic  comparisons. 

70.  Heat  and  Gravitation, 

The  direct  opposition  of  tendencies  in  heat  and  gravitation,  the  former 
being  centrifugal  and  the  latter  centripetal,  leads  to  an  easier  and  more  di- 
rect means  of  comparison  between  the  two  energies  than  has  been  found 

ml 
in  the  case  of  light  and  electricity.    But  the  adoption  of  mh  or  '^,  as  the 

meehanical  equivalent  of  heat,  leaves  the  relation  of  gravitation  out  of 

view,  and  it  is  not  readily  seen  until  we  find  that  mh  =  —  x  \t  )  - 

Even  then,  the  foot-pound  and  second,  or  the  kilogrammetre  and  second, 

ire  such  arbitrary  values  that  there  is  no  indication  of  any  uniform  stand- 

ipd  like  the  velocity  of  light.     We  see,  on  fUrther  examination,  that  our 

knowledge  of  heat  is  wholly  derived  fW>m  phenomena  at  the  £arth's  sur- 

race,  where  terrestrial  gravitation  is  a  maximum,  and  we  are  thus  led  to 

looept  Earth's  mass  as  a  fitting  natural  unit  of  mass  in  thermodynamic 

2m 
^mestions,  especially  in  all  questions  which  involve  the  factor  — .    In  order 

x>  reach  kinetic  unity,  some  values  should  be  found  for  I  and  t  which  can 
)e  preheated  under  some  simple  relation  to  the  velocity  of  light. 

71.  Central  Energy  of  tJie  System, 

We  are  now  somewhat  prepared  to  appreciate  the  reasoning  of  Herschel 
md  Stephenson,  in  referring  all  terrestrial  energies  to  the  Bun»  and  to  ac- 
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cept  M«  and  G«,  or  San'B  iiuwb  and  raperficlal  gnvitatloii,  as  atandaids  ^'^ 

comparison  between  Son's  centripetal  and  centriftigal,  or  gnrttatlng  ai=^B^^ 

radiating  energies.    The  Sun  itself  is  subject  to  the  panunonnt  control  -         <^^ 

universal  mass  and  gravitation.    Although  we  have  no  means  of 

their  absolute  or  relative  value,  we  may  symbolise  them  by  M.  and  G, 

thus  seek  for  standard  values  of  L^  and  T^    Every  particle  of  the  Sun 

continually  solicited  by  G,  and  G,,  and  their  varying  solicitations  can 

compensated  only  by  cyclical  alternations  of  rise  and  ihU,  from  and  II^    ^ 

wards  the  universal  centre  of  gravitation,  e^    In  order  that  Sun's  mass  ma^^^J 

be  stable,  the  sum  of  the  tendencies  of  G«  must  be  equal  to  the  sum  of 

tendencies  of  G^  during  each  half-rotation.  A  solar  half-rotation,  therefo; 

may  be  taken  as  a  natural  standard  value  for  T^ ;  then  the  equation  V.  H« 

2M        /H\*  GT* 

Q>^\t)  give»H,  =  -^,  andI^=2H.=  GoTo«a8acorre8poni 

ing  natural  standard  of  length  and  distance. 

72.  SUmdard  SSuuik  Mbdului, 

If  we  examine  the  equation  which  we  have  found  in  the  foregoing 
for  the  natural  unit  of  length,  we  find  that  H«  represents  the  height  oc 
virtual  fall  which  would  give  a  velocity  equivalent  to  Go  T«.  and  Li^  is  th^^  -^ 
height  of  a  homogeneous  elastic  atmosphere  which  would  have  a  veloci^  o^    ^^ 

wave-propagation  equivalent  to  qr  =  G^T^  =  G^T,.  the  actions  and  re-  -^sv^' 

actions  of  G^  and  G^  being  equal.    But  the  elastic  atmosphere,  in  whictC'^^i^ 

these  actions  and  reactions  take  place,  is  the  universal  ethereal  medium.  .^^^ 

and  its  velocity  of  wave-propagation,  m^,  is  the  velocity  of  light.     The  re-  '^^  ^^' 

lations  of  heat,  mass  and  gravitation,  tlierefore,  lead  us  to  the  same  funda  m:m^^^' 
mental  velocity  as  tlie  relations  of  tlie  electrostatic  and  electromagnetics  ^  -*^ 
systems,  and  the  same  velocity  as  the  solar  radiations  which  are  variou8ly%&  ^^^ 
modified  so  as  to  produce  the  phenomena  of  light,  heat,  electricity,  mag—  "SS-^' 
netism  and  actinism.    Our  knowledge  of  the  significance  of  the  electricar  .^^'^^^ 

unit  is  thus  extended,  so  as  not  only  to  include  the  ratio  ssr,  but  also  tecs  ^  ^^ 

show  that  the  natural  standard  units  of  mass,  length,  and  time  are,  re — 
spectively,  M<»  =  Sun's  mass;  Lo=  standard  kinetic  modulus,  or  Solar*^ 
modulus  of  light ;  T^  =  half-time  of  solar  rotation,  or  time  of  cyclical  ^^    * 

equality  of  action  and  reaction  between  solar  inertia  and  sthereal  undula '   ' 

tion. 

73.   Variable  Units. 

In  comparing  arbitrary  and  variable  units  with  the  maximum  standards, 
we  liavc  generally  to  deal  with  fractional  values.  In  uniform  velocities, 
like  those  of  light,  electricity,  and  primitive  kinetic  radiation,  I  oc  < ;  hi 
variable  velocities  which  are  due  to  centripetal  or  centrifhgal  radiation, 
like  those  of  gravitation  and  heat,  I  cc  <*.    Maxwell*  gives  electric  di- 

•Op.clt..  ii,g6;»-3. 
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ensions  and  formulas  which  can  be  readily  converted  into  standard  kin- 
ic  units  ;  gravitating  formulas  can  be  similarly  converted  through  the 

irrelations,  ^ oc  "n^  'T*  v^fl'^oc  \~i  )  ;  thermal  formulas,  through  the 

P 
irrelations,  w  oc  [w]  h  «  [m]  t^  oc  [f»]  tj. 

74.   Complex  Variability. 

Any  variable  unit  may  be  dependent  upon  some  other  variable  unit, 
id  different  values  of  my  I  and  t  may  thus  be  involved  in  the  same  ex- 
ression.  It  is  necessary,  therefore,  that  the  significance  of  every  variable 
''mbol  should  be  f\illy  understood  before  undertaking  to  convert  it  into 
rms  of  the  corresponding  standard  unit.  For  example,  in  the  thermal  and 
ectric  formulas,  [m]  refers  to  the  mass  which  is  lifted  against  the  constant 
nil  of  gravity,  while  in  thermal  formulas  v,  I  and  t  also  introduce  con- 
derations  which  are  dependent  upon  the  centripetal  energy  of  Earth's 
lass,  mp  at  a  constant  distance.  The  conversion  of  thermal  into  standard 
irmulas,  therefore,  requires  due  attention  to  the  ratios  both  of  [m]  and 
^,  to  Mq.  In  such  cases  it  may  often  be  well  to  introduce  a  second  nat- 
ral  unit,  which  can  be  simply  derived  from  the  standard  unit,  as  in  the 
eduction  (Note  56)  of  the  terrestrial  thermal  unit  of  velocity  from  the 

mm  _ 

)lar  unit  of  luminous  velocity,  r^  =  ^  V^  =  w*j  M©  ^  L^  To"^. 

76.  Notation  and  Approximate  Values. 

,et  r.  =  Sun's  apparent  semi-diameter  =♦  961."83 2.9830990 

n  =  r  -f-  r^  =s=  214.45 2.8318261 

r^  =  Sun's  semi-diameter  =i=  431,208  miles 5.6346866 

p^  =  nr^  =  Earth's8emi-axi8 major  db 92, 472,500 miles.  .7.9660127 
r,  =  Earth's  semi-diameter  =  1*962.8  miles 3.5980022 

p^  =  Sun's  parallax  =  !il?  =s=  8.  "8392 9464146 

r^  =  2  TT  (^o  C^o"^)*  =  1  year  -*-  n*  =  10049  seconds. .  .4.0021223 

«,  =  2  ;r  (r,  ^,"0*  =5073-.6 3.7053158 

d^  dj  =  density  of  Sun,  Earth 

^  =  (^fy  =±r  .25491 T. 4063870 

(2  T  \i 
ijf)  =  36.3658  r„ 1.5606934 

Vo=  ^'  =  />,  -^  497.827  =  .4307721  r^=velocity  of  light.  T.  6342476 
t^  z=  2n  r^ -^  t^  d=  .0000252556  r^ T.  7960576 

v^  =  (2  i7,  X  180  J  -f-  1  lb.)i  =  .56558  miles T. 7524940 

^Nearly  equal.    The  right  hand  columa  contains  the  approximate  logarithms. 
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ft  =83.088 ft.  ^.0000773 miles TS.imitm 

0.=  e." +  r,  =  .  0000003809446  r„ TSWllSS 

T,=  V,-*-G„=^l  lOlBT.'S  seconds . . . ' .^6.0421.324 

li.=  V„ T,  =  (V,  -^  f .)'  r, i  474«ST  r^ S.«7«8SM 

M„=  V„  -*-  e,  =  r.'  d„  -t-  r,'  rf,  =  338438  w, 5.818440! 

Substituting  the  value  of  r„  we  ftnd, 

[„i  15,681.380  miles T.10A!i800 

V.^  165,753  miles 5.3AMIM3 

c.  ±269.  ItlS  miles S.4.10T443 

O,  i  890. 1  ft.  ^  .18858  miles T.23<WI1S 

L„  ±  3313.37^,  =  73.A7  Neptu»«'e  MDlf-«KlsnaJor± 

304.075.900,000  mil^s 11.81 10«M 

76.  Vi»  vita  af  Watt  Propagatfm. 
In  18^7,  Professor  Stephen  Alexnnder  announced  to  the  American  Am>- 
ciation  the  HjiproxlBiHtc  Hitialil;  of  miT  in  (lie  two  planets,  Jupiter  ud 
Satum,  which  make  more  tlian  \\  of  the  Rggregitte  planetary  mass  in  oo 
GfBiem.  nc  also  sliowcd  that  the  mean  distance  of  Saturn  is  ticvrly  eqniti. 
lent  to  \  of  Jupiter's  meAn  distance,  and  that  ilie  ratio  {  has  bc«n  luplr 
influential  io  planelarf  distribution.  In  18T3,  I  showM'  that  the  mm 
ntio  may  be  deduced  from  the  thennnl  energy  of  chemical  eombinatlM, 
representing  the  ratio  of  mean  tit  vUsa^  of  oscillating  parttclea  to  ni  mm 
of  wave  propagation.  In  1877.  Muxwell  and  Preston}  published  the  uml 
<  ratio,  without  seeming  to  hare  known  that  I  hwl  alnMuly  deduced  it  fixn 
the  laws  of  kinetic  oscillation  in  clastic  media.  Its  importance  in  di^u-- 
sions  of  kinetic  unily,  is  evident  from  the  diet  tliat  it  is  alike  ojieratire  in 
till!  patnlillsliment  of  coamicalg  and  of  molecular  harmonies. 

77.   CoiiKal  I^ndnlumt. 


The  terideufiies  to  concentration,  through  the  mutual  attractions  of  inr 
lid  us  which  ure  subjected  to  a  simultaneous  linear  projection,  and  ntbrt 
comliiniittons  of  tendencies  to  uniform  and  to  variable  velocities,  lead  1( 
many  oscillations  which  follow  the  laws  of  ctmical  pendulums.  It  b 
therefore  imiHirtant,  in  investigations  iv Inch  Involve  cyclical  elastic  nnioD, 
to  inquire  what  fiinns  of  pendulum-vi  lira  lion  will  1>est  tlilfil  the  requiir- 
ments  of  Fourier's  theorem.     The  general  formula  for  the  velocity  of » 

coiiiciil  pendulum  is, 

0  =  /ffr  siu  fl  tan  g. 

Hence,  since  (  ^  2;:''  sin  fl  -i-  r.  we  find 


'=»'Vf« 
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This  U  equivalent  to  twiee  tbe  time  of  yibnition  in  a  simple  pendulum 
of  the  same  height,  (cos  ^),  or  to  the  time  of  vibiation  in  a  linear  pendulum 
of  four  times  the  height.  The  requirements  of  9%»  viva,  synchronism,  and 
the  conversion  of  wave-propagating  velocity  into  velocity  of  oscillation 
under  central  action,  are  all  satisfied,  as  I  have  shown  in  my  discussions  of 
explosive  energy  (Note  16,  et  al,},  by  combining  the  ratios  of  this  and 
the  foregoing  note,  i  X  t* 

78.  Standard  Temperatures. 

In  thermodynamic  deductions  and  comparisons,  it  is  often  important  to 
decide  what  temperature  should  be  taken  as  the  standard.  Whenever  a 
sufficient  number  of  kinetic  values  have  been  deduced  for  the  natural 
units,  Mq,  Lq,  T^  the  introduction  of  conditioning  equations  may  help  us 
to  much  accurate  and  useful  knowledge  which  will  lead  to  greater  pre- 
cision in  many  details  of  molecular  physics.  The  present  range  of  uncer- 
tainty may  be  estimated  by  examining  the  influence  of  two  different  possi- 
ble standards  upon  the  results  of  Note  16.  The  combining  calories  appear 
to  have  been  observed,  in  each  instance,  at  the  temperature  of  15^  C.  To 
seduce  the  mean  to  (P,  we  have 

H,  =   2  X  15  X  8.409    =    iaa.27 
O  =  16  X  1«  X    .aiW  =     52,20 


Total  deduction         =    154.47 

iMvmg  68880^—  154.47  =  68731.58  calories 

1889.6 
i  X  J  X  i  X  68781.53  X  "gggo  ~  ^'^^-^^  ^^^^  =^- 

On  the  other  hand,  if  we  take  the  mean  between  the  freezing  and  boiling 
points,  as  in  Note  75,  we  find 

68886  +  H  o^  15447  =  69246.48  calories,  representing  A,  =  281.24  miles. 

hi  gives  m^  =  882,698  w»i ;  w  =  92,871,000  miles. 
A,  "  9»o  =  828, 989  mi ;  »r  =  92, 525, 000  miles. 
Note  75    m^  =  328,438  rn^inr^ 92,472,500  miles. 

79.  Factors  of  Vis  Viva. 

Although  ordmary  kinetic  investigations  involve  considerations  botii  ot 

mass  and  velocity,  the  equality  of  action  and  reaction  furnishes  data,  in 

many  cases,  for  dispensing  with  one  of  the  three  kinetic  units.    For  ex- 

—  /  tn 

ample,  the  equation  of  circular  orbital  revolution,  v  =  i/ffr  =  y~,  may 

I        i/VV'       j/rd 
be  put  in  the  form  j  =  — j —  =  —^,  and  we  may  use  either  of  the 

equivalent  values  without  vitiating  our  results.     The  meaning  of  the 
mass-&ctor  is  especially  obscure  in  the  "dimensions  of  electric  units,*'  but 

when  we  see  that  m  is  regarded  as  the  product  of  electrostatic  m^  by  elec- 
tromagnetic m',  and  when  we  remember  the  importance  of  Ampere's 


OhaM.t 


466 


theory  of  carrents,  we  are  rominded  of  the  orbilal  oquntioDS.  and  if  wr 
Btlll  think  of  toMS,  it  ia  only  l)ocn»!<e  we  hnve  learned  to  regard  tatsf  u  > 
neeessary  element  of  force.  If  we  look  still  further,  and  see  tUai  (be  pro. 
duct  of  two  miiitfies  must  be  coneidereil  in  order  to  secure  clrict  accnncy 
in  the  determinsiion  of  orbtts,  we  ran  flod  no  good  meantDg  for  ihesqatR 
root  of  a  musH.  But  if  plectric  phenomena  are  simply  the  tmiiIi  of  osdlb 
lions  in  the  luminiferous  lether,  which  represent  llie  actions  and  readinut 
of  inertia  and  elaBtidty,  we  may  reasonably  look  for  analogous  phenomcnii 
in  coamicnl  armngenients. 

80.    CMftifil  IlhutratioR. 
In  ihc  muiuiil  actions  and  reactions  of  two  mnsaes,  e  =  j/yr  oc  "^'-^  St 
(/m;*  r'oc  m;  —  cc  Ji.    Let  M.,  w,,  m,  designate  Sun.  Earth,  Jupiia; 
D^  Earth's  aphelion  velocity ;  v^,  velocity  of  light.    Then  we  And 


For,i>^  —  jD.  -i-  4BT.837;  v,  =  %r.pt  ■*-  1.01677  -*-  31558149;  -i,  = 
1047.879  m^.  Suhstituling  these  values,  we  find  :  nij  =  318.0  m,;  «,= 
333.073  m,:  ^  =  93,G59.T00  miles.  Hence  wo  see  that  the  reactiiw  li 
Earth  against  the  forces  which  produce  its  orbital  velocity,  at  the  mnniMl 
when  it  is  leas!  afleclprf  by  Sun,  is  a  mean  proportional  belwwn  ih*  re- 
actions of  Sun  and  Jupiter  against  the  velocity  of  light.  In  oihf  r  woidi. 
the  Tcai:l\ori  of  inerlia  at  t)ie  centre  of  deufity  (Eurlli)  uguiQiil  llio  incr.ii 
at  the  centre  of  nebulosity  (Jupiter)  and  at  the  centre  of  nucleation  (Sun) 
is  liniited  in  each  direction  by  the  reactions  of  controlling  inertia  agun«i 
icthcreal  elasticity. 

Multiplying  the  terms  of  the  above  proportion  by  v^  e^  we  have 

The  importance  of  the  reactionary  iii'«  tica  at  the  centre  of  condenpaiimi 
h  thus  shown,  and  then'*  tirm  at  the  coordinate  centres  represents  a  men 
proportional  between  the  lethereiil  and  the  central  orbital  ru  Hra. 

81,  Mutiuil  Convertibility  of  OratUy  and  Magnetitm. 

Tn  the  first  set  of  electrostatic,  magnetic  and  electrokinetic  paii^,  il>t 
product  of  llie  two  dimensions  represents  an  energy,  or  ri»  rirn.  Mii- 
wellf  gives  the  following  equations  : 


[eE-\  =  [mil^  =  [pC] 


=[^;#]. 


The  symbols  denote,  respectively,  the  products  of  quantity  of  elwirkity 
by  electric  iiotenlial,  quantity  of  free  magnetism  by  magnetic  polcntiil. 
*  Because  r  represents  the  dlslanoe  between  the  two  masaea  and  dot*  itM 
t  ElGC.  nnd  Mag..  11,  2W, 


J 
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tlectrokinetic  momentum  of  a  circuit  by  electric  current,  mass  by  the 
quare  of  the  velocity  of  light.  T?ie  laM  product  w,  therefore^  precisely  the 
ame  as  wi,«^',  in  the  foregoing  note,  and  it  furnishes  further  grounds  for 
onsidering  the  primitive  oscillations  as  luminous,  rather  than  electric. 
There  are  as  good  reasons  for  assuming  Earth's  mass  as  the  fundamental 
lectric  value  of  M,  as  for  assuming  the  velocity  of  light  as  the  correspond- 

Dg  value  of  -jif  and  this  assumption  brings  electric  and  thermal  phenom- 

na  into  simpler  and  more  intelligible  relations.  The  anticipations  of  my 
Irst  paper*  upon  the  relations  of  electricity  and  magnetism  to  gravitation 
•re  thus  very  fully  and  satisfactorily  confirmed. 

82.   Chemical  Units. 

The  influence  of  electric  and  thermodynamic  laws  on  chemical  phenom- 
na  has  long  been  recognized.  There  are  two  special  applications  of 
lectric  dimension  to  which  I  would  call  attention,  on  account  of  their 
.pparent  bearing  upon  spectral  harmonies  and  combining  equivalents. 

I.  The  second  set  of  electrostatic,  magnetic  and  electrokinetic  pairs 
;ives  the  following  equations  : 

The  symbols  denote,  respectively,  the  products  of  electric  displacement 
»y  electromotive  force  at  a  point,  magnetic  induction  by  magnetic  force, 
Dtensity  of  electric  current  at  a  point  by  vector  i)otential  of  eloctric  cur- 
rents, and  the  dimensions  of  energy  referred  to  unit  of  volume.  The  last 
nember  of  the  equation  also  represents  the  unit  of  density,  or  atomic 
reight  of  an  element,  and  thus  opens  a  wide  field  for  investigation,  both 
n  chemical  and  in  general  physics. 

II.  Weber  found,  by  experiment,  that  the  unit  of  electro-chemical  force 
8  to  that  of  electromagnetic  force  as  106§  is  to  1.  Designating  the  electro- 
chemical unit  by  ^  and  the  electromagnetic  unit  by  /i,  if  we  suppose  them 
o  vary  inversely  as  the  squares  of  the  reacting  velocities  (Note  80),  wo 
ind 

This  differs  from  Weber's  experimental  value  by  less  than  ^  of  one  per 
sent.  The  ?r-factor  designates  the  ratio  between  the  time  of  acquiring  at- 
mospheric orbital  velocity  at  Laplace's  limit,  t  ,  and  the  time  of  acquiring 
Qucleal  dissociative  velocity,  t^  ; 

83.  Positive  and  Negative. 

The  oppositions  of  solar  and  Jovian  photodynamic  reaction,  which  are 
ihown  in  the  first  proportion  of  No.  80,  may  perhaps  help  towards  a  better 

«  Proc.  Am.  Phil.  See.,  ix.,  855-eO;  April  1. 1864. 
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nntierstanding  of  ilie  difTurencc  between  positive  and  negative  ekmriciiy, 
or  austnil  and  boreal  magnetism.  While  tbe  aolion  of  snbeix'al  osdlls- 
tiona  must  f>e  inodifled  by  every  centre  of  inertia,  whelher  cosmical  nt 
molecular,  the  inactions  of  Sun  and  Jupilcrmust  always  greallviirciKindrt- 
ate.  In  analysing  the  product  of  the  reactions  into  electroslaiic  and  elcc- 
troinagncllc  elements,  if'  may  lie  considered  as  representing  a  mean  pro- 
portional between  ihe  poKltivo  and  ne^tive  musses.  Reasoning  fran 
analogy,  it  ecema  probable  that  the  electric  if  may  repreaenl  a  product, 
and  in  a  mean  proportional,  in  all  cases. 

84.  San-SpoU  and  PtaiitU. 

The  evidences  of  connection  bottveon  sun-spoU  and  planetary  perturbi- 
tions,  tbe  pbyllotactfc  rhythm  in  periods  of  planetary  revolution  which 
wBfl  pointed  out  by  Pelrce  and  Hill,*  Ihe  tweive  harmonic  nodes  bctiveeti 
Mercury  and  Bun  of  which  I  have  already  given  evidence.^  the  relations 
of  "magnetic  storms"  to  sun-spots  and  to  auroras,  the  confinnation  ofinr 
fliBt  Intra -Hercorial  node  by  the  British  sun -spot  oljserrations.  J  as  well  u 
tlie  various  indications  of  a  possibility  that  Swift's  and  Watson's  planrti 
may  have  been  ttauBicnt  nodal  aggregntious,  alt  seem  deserving  of  con- 
eidenilion  in  studying  tbe  actions  and  reactions  among  the  various  fonm 
of  kinetic  energy. 

.  83.  SuUar  relationt  of  Central  DentUg. 

In  Ibc  stellar-solar  paraboloid  tbe  abscissa  wbicb  indicates  Earth's  nebuli- 
nipturing  locus,  is  also  the  locus  of  solar-rupture  In  subsidence- coll iaton. 
Tlic  multiples  3,  4,  !i,  appear  as  coetBcicnts,  either  of  incipient  subsidence 
or  of  final  rupture  or  of  both,  for  Earth,  Mars,  mean  asteroid  and  Jupiier, 
their  rupturing  loci  being,  respectively,  J,  j,  i,  J  of  their  semi-axes  major. 
Tbe  corroboration  of  the  importance  of  Earth's  position  at  the  centre  at 
density,  which  is  furnished  by  Note  80  et  »eq.,  is  strengthened  by  tlie  fill- 
lowing  multiple  relations  of  Earth's  semi-diameter,  r,  : 

1  (3  X  4  X  S>   X  r,  =  Moon's  semi-aiis  major. 

2  (3  X  4  X  S)'  X  r,  =  Perigee  of  Venus. 

3  (3  X  4  X  5)'  X  r,  ^  Saturn's  semi-asls  major. 

4  4  (3  X  4  X  S)*  X  J-j  =*=  Solar  modulus  of  ligbl. 

5  2k  (3  X  4  X  5)*  X  fi  :i=  Distance  of  a  Ctntauri. 
The  deviations  ore  of  the  same  order  of  magnitude  as  planetary  eewn- 

tricities,  being  as  follows  :  1,  about  4  of  one  per  cent. ;  .2,  nearly  2j  pet 
cent.;  3,  nearly  3.4  per  cent,;  4,  less  than  ^  of  one  per  cent.;  6,  lesstluo 
3g  percent.  The  fourth  locus  is  equivalent  to  ttielatatTeeluraottpU*- 
bolold  in  wbicb  modulus  is  the  focal  abscissa  ;  the  fifth  is  -g   of  (Sx^X'') 

•  Proo.  Amer.  Ansoc..  v.  2. 

t  Proc.  Am.  Phil.  Soc.,  iti,  387, 

:  lb.,  xlil,  4T0. 


X  llie  fourlU,  q  lielng  llip  rulio  of  i-irculnr-orbllat  veiocily  lo  mean  veloc- 
ity uf  sync liro nous  radiul  oscUlnlion. 

80.  Primr.  Ceatref  of  Enrrgy. 

Id  considering  the  photodynainic  rcnctions  of  Bun  Bigninst  the  stliereal 
osciltations.  reference  has  been  had  to  Siin's  centre  of  gmvliy,  C,.  In  my 
first  piipiT"  on  the  influence  of  cycliml  oBcillution,  I  aniicipaiBd  Ihe  possi- 
bility of  menauriag  fluctuattona  which  are  [iroduced  hy  the  Central  Bun. 
The  first  st«p  in  that  direction  was  the  discovery  of  the  steilar-eolar  para- 
boloid, by  means  of  the  nipturing  tendencies  which  would  result  IVom 
Hersehel's  theory  of  "nubsidenc^,"  in  a  nebulous  elastic  medium.  The 
oext  step  was  the  inreatigation  of  the  relations  of  the  solar  centre  of  grav- 
ity to  tlie  universal  centre  of  gravity,  C„,  which  are  Involved  in  Mic  c-yelical 
eqnilibriuni  of  tethereai  and  gravitating  energies.  It  is  perhaps  |M>s8ihle 
for  malhcmatlcal  anal^'sis  to  find  some  approxinialion  to  lite  nrnxs  and  dis- 
ttuicc  of  the  controlling  tenlre  of  the  imuiediale  stellar  group  lo  which  we 
h«tong.  from  known  data.  In  seeking  such  approximation,  regard  should 
evidently  be  paid  to  the  motions  of  the  centre  of  gravity  of  thv  solar  sys- 
tem, C'..  Tlic  nest  centre  In  point  of  importance  is,  perhaps,  llie  centre 
of  condensation  in  the  solar  system,  C,. 

S7.  Pr<ijtflion  tff  Centrtt  <ff  SueUation,  2febulaiilg  aiid  Caadentalion. 

It  may  be  assumed  that  the  mean  centre  of  gravity  of  our  system,  C.,  is 
the  same  as  the  mean  centre  of  gravity  of  its  two  chief  masses,  Bun  and 
Jupiter.  Jupiier'a  iemi-axis  major,  py  is  equivalent  10  5.3037011^,.  Sun's 
mass.  in„  is  1047.879  limes  Jupilt-r's  mass,  mj.     Sun's  seuii-axia  major,  ^j,, 

5.ao37na/', 

or  mean  projection  from  C,.  is  therefore  .  ,_  1047 "fj^g.  or  .0040808^,. 
Siockweli's  estimalcl  of  the  secular  maximum  eccentricity  of  Jupiter  is 

.060074,  which  represents  a  rupturing  projection,  for  C»,  of  . 060fl74 

=  1.0MSr.,  Tlic  equation,  .0040803^,=  1.0048r,.  gives  ^,  =  214.IW7r.; 
n  :=  914.607.  This  Is  about  ^0  of  one  per  cent,  greater  than  the  estimate 
of  the  British  Nautical  Almanac,  and  about  j^  of  one  per  cent,  less  than 
that  of  the  American  Nuuiieal  Almanac. 

HS.    Orbital  and  ^/laeenl  Energirn  at  Iht  Centre  of  CondenuMon. 

The  evidences  of  pholndynamic  projection,  which  were  presented  in 
Note  60,  together  with  oilier  evidences  of  the  importance  of  Earth's  mass 
and  Bcml-dinmoter,  as  secondary  thermal  and  electric  units,  enable  us 
connect  orbital  Telocity,  b„  wiili  nascent  or  dissiiclatlve  velocity,  es,  at  I 
Ci«nipe  of  condensation.  Earth.     For,  since  distance  or  ei*  ewa  of  proji 

•  Ppoa  Am,  Phil.  S.W.,  In.  MS, 
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tion  agfiinst  imifomi  reeigtfincc  Taries  as  the  square  of  the  time  of  rem* 
municating  or  overcomiug  the  velocity  of  projection,  we  find  the  proportion: 
Sun's  projectile  locus  or  ecmi-axis  mAjor,  p^,  it  to  Eiutb'e  projectile  locui 
or  senii-axia  major,  pg  at  the  liqaare  of  the  time  of  communicBTing  orblol 
Telocity,  (^',  M  to  thesqimrc  of  the  time  of  communicatjng  nnsccni  ordis- 
socialive velocity, (p",  ABaumingthcvBlues,  p^=^l.OfiiSr,,  pg=;2U,MTr, 
in  accordHnce  with  the  foi-egoing  note,  uud  remembering  that  r^  is  bIhuii 
the  time  of  a  half  roiatiun,  ive  have 

1.0648  :  314.667  ::(.';  43083' 
(.  =  3034.35  sec. 
e,  =  8034.36  x  33.088  ^  5380  =  18.44  mileB. 
Pi  =  18-44  X  31558!49  -j-  3^  =  93,617,300  miles. 


todynamie  O»n!litlior). 

le  most  probahlo  results  of  ilie  mti- 
in  aa  icthereal  medium,  noulci  tw 
ationn,  moving  with  tlie  ropSilitj  i>l 
bit,  anil  the  other  in  the  line  of  ilt 
ivonld  be  conslantly  so  related  tlui 

would  tend  to  accclcnite  the  Etirth'; 

the  velocity  of  light  is  nearly  the  9» 


89.  DiiubU  Sj/elenu  oj 

In  1864,  I  BUggosted*  " 
tion  of  the  earth  with  Its 
the  production  of  two  ays 
llglit,  one  in  the  line  of  t1 
nidiuB  vector,  and  that  those  sysi 
while  one  tended  lo  ri'tiinl,  Ihe  ollit 
motion."    In  1866,  1  showedf  that  ' 

as  the  velocity  which  would  be  acquired  in  one  year  by  a  falling  bodj, 
under  ilie  influence  of  an  accelerating  force  equivalent  to  the  force  of 
gravitation  at  the  Earth's  surface. ' '  Although  I  regarded  this  approdmi- 
ticn,  at  first,  as  "perliaps  merely  a  curious  accidental  coincide  nee,"  illw- 
came  so  prollflc  in  suggestive  leadings  tliat  I  was  able  lo  show  its  depend- 
ence upon  simple  dynamic  laws  of  EBlhercal  condensation.  From  tk( 
cU'CtTostalic  analogies  of  condensation  and  the  elcctrokinetic  analogies  of 
orbital  motion,  we  may  infer  the  probable  applicability  of  the  law  of 
«nergy  and  stress  of  radiation,  "that  at  every  point  of  the  wave  the  intrin- 
sic energy  of  the  medium  is  half  electrostatic  and  half  electrokinetic"! 
At  the  locus  of  primitive  coincidence  between  orbital  and  rotary  veloeiir. 
this  division  of  energy  would  lengthen  the  time  of  acquiring  the  wlir 
nascent  dissociative  velocity  o(  light  to  a  complete  rotation  of  Ihe  centre  of 
conilensation,  the  time  for  the  nucleus  being  a  half-rotation.  Di'ridiiig 
one  year  by  the  square  root  of  the  ratio  of  solar  photodynamic  projeetioii 
CNote  88),  we  find  3lr.38149  seconds  -t-  i/r6648  =  8058254 sec.;  r^  = 
3058254j=  18-5,858  miles ;  /,,=  497,827e^  =03,525,800  miles.  Thisdiffeit 
by  less  than  one-tenth  of  one  per  cent,  from  the  value  given  in  the  foi* 
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90.  Farmvlfufor  Conversion  of  Energy. 

All  forms  of  energy,  mechanical,  thermal,  photic,  electric,  magnetic  or 
chemical,  are  derived  from  and  can  be  compared  with  the  maximum 

energy,      m,  . 

a.  AH  astronomical,  barometric,  or  other  mechanical  estimates  of  solar 

m 
mass  and  distance,  involve  the  proportionality,  i/  oc  tj  . 

p.  The  arbitrary  units  of  thermodynamics  are  based  upon  the  work  done 
against  the  centripetal  accelerations  of  terrestrial  gravity.  The  unit  of 
acceleration  at  unit  of  distance,  or  the  sum  of  accelerations  in  unit  of  time, 
is  proportioned  to  mass.  Therefore,  if  we  designate  Earth's  mass  by  m^ 
we  have  i^  :  w,  : :    V^  :  Ut^. 

V^  or  the  velocity  of  light  is,  as  we  have  seen,  the  velocity  acquired 
during  the  cyclical  actions  and  reactions  of  solar  condensation  and  ethereal 
elasticity  at  Sun's  surface ;  w,  =  .56558  miles,  is  the  velocity  acquired 
during  the  cyclical  actions  and  reactions  of  water-congelation  and  evapora- 
tion at  Earth's  surface.  Dividing  by  v/lBO  for  the  Fahrenheit  scale,  or 
by  |/100  for  the  Centigrade  scale,  we  have  the  arbitrary  units  of  velocity, 
.043156  miles  for  1^  F.,  or  .056558  miles  for  1^  C.  The  equation  v=i/2gh 
gives  h  =  772  ft.  for  lo  F.  or  1389.6  ft.  =  424  meters  for  lo  C.  Combining 
these  heights  with  the  arbitrary  units  of  mass  we  have  J  =  772  ft.  lb.  for 
the  English  thermal  unit,  and  C  =  424  kilogrammetres  for  the  calorie  or 
French  thermal  unit. 

^.  Thermal,  mechanical  and  photodynamic  energies  may  be  compared 
with  energies  of  chemical  combination  through  the  ratio 

h^  is  Earth's  mean  distance  from  Sun,  A,  is  J  of  J  of  the  height  to  which 
water- vapor  would  be  thrown,  against  the  retardation  of  gravity,  by  the 
combining  energy  of  H,0  (Note  16,  etc.). 

^.  Cosmical,  electric  and  photodynamic  energies  may  be  compared  by 
means  of  the  ratio 

Sun,  1^,  is  at  the  centre  of  nuclcation  in  the  solar  system ;  Earth,  w,,  at 
the  centre  of  condensation ;  Jupiter,  m^,  at  the  nebular  centre ;  i7„  is 
Earth's  aphelion  or  "nascent"  orbital  velocity. 

e.  The  electrostatic,  magnetic  and  electrokinetic  units  of  energy  can  all 
be  derived  from  the  above  expression  for  Earth's  photodynamic  energy, 

«,  F^'  =  -jrf-,  through  the  equations 

le  E]  =  [m  fi]  =  [p  C]  =  -jff- 

The  bracketed  symbols  represent,  respectively,  quantity  of  electricity ; 
line  integral  of  electromotive  force,  or  electric  potential ;  quantity  of  free 
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ir  Btreugth  of  a  polo ;  magnetic  polential ;  eleclrokinMic  mt" 
mentum  of  a  circuit ;  electric  current, 
f .  Atomic  energy,  or  energy  of  unit  volume,  can  be  compared  I'til 

Earth's  photodynamic  energy  of  unit  volume,  ~i  j-'i  =  t  ff  ""i  "'''' 
corrcspontling  electric  energies,  througli  the  eijuulioDs 

a«]=[ii]=w«]=i1- 

Tlie  bracketed  symbols  represent,  rcapeclivoly,  electric  displncemi'ni 
(measured  by  surface -density) ;  electromotive  force  at  a  i>oint ;  msgnfiif 
iDductioD ;  magnetic  force ;  current  electric  intensily  at  a  point ;  lecl'ir 
potential  of  electric  current. 

]j.  Electtnchcmicsl  and  electromagnetic  energies  may  be  comiwred  wllli 
Ibcrmal,  pliotodyaamic  and  other  energicH,  thioagh  the  proportion 
X  ■■   li  ■■■■   «;,'.'  X  ir„V  :   m,'.'  X  m,Y* 

I  designate  Weber's  units  of  electrochemical  and  electromagnetic  funx 
by  ,1-  and  /i.  reapeclively;  t^  is  tlie  lime  of  acquiring  orbital  velocity,  uf 
incipient  associative  energy,  at  Laplace's  limit  of  equal  velocities  of  niii- 
tion  and  revolution;  t_  is  the  lime  of  acquiring  uucleal  naHcentordlssocia 
live  velocity. 

t,   :   t,   ::   I:   n 

0.  Total  magnelie  force,  ^^,  can  bo  comiiared  willi  the  reactions  nf  tw- 
restrial  magnetic  force,  ip,,  by  the  proportion 


The  reactions  of  orbital  tendency  are  ',W„*,  f.mj*,  respectively;  mi 
tripelal  acceleration  varying  as  the  fourth  power  of  orbital  velocity,  i 
have  the  ratio,  M'  :   Ti'tn^. 


(ContribuHojii from  the  Unitienits  of  I^nntslvania,  No.  16.) 

On  Alntkaite,  a.  new  member  from  the  »&riei  of  Bitmuth  SulphotaUi.    Bf 
ProfcaaoT  George  A.  Konig. 

(Bead  before  the  Ameriean  Philotopkical  Soeiety,  Junt  17,  ISSI.) 

Mode  of  occurrence.  The  high  mountain  mass  of  BOuth-weslern  Colorsdo 
culminates  in  Mt.  Sneffeis  at  an  altitude  of  ]4,1SG  feet.  But  this  gmt 
height  does  not  impress  itself  upon  the  observer  since  the  deepest  valleji 
are  still  7000  feel  above  the  sea.  The  geological  structure  of  these  ntoaa- 
tains  is  very  simple  as  a  whole;  but  the  energetic  action  of  the  forces  o( 
erosion,  has  produced  a  very  rich  and  picturesquely  carved  topography, 
there  being  no  table  mountains,  but  only  steep  peaks  and  sharply  indeoWd 
cresla.    Kinetal  veins  in  clearly  defined  outcrops  Intersect  these  moon- 
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tonishing  abundance.  They  are  easily  traced  on  the  bald  slopes, 
i  fh)m  one  to  three  thousand  feet  above  timber  line.  The 
B  already  stated,  is  quite  simple.  Orthoclastic  eruptiTe  rocks — 
rphyry,  Porphyrite  and  Trachyte— overlie  granitoid  metamor- 
s  (chiefly  gneiss)  as  an  enormous  sheet  one  mile  thick.  Only 
he  West  we  And  palseozoic  rocks,  sandstones,  limestone  and 
lying  between  the  crystalline  top  and  bottom  rocks,  not  exceed- 
»ly  500  feet  in  thickness.  All  the  peaks  and  crests  visited  by  me 
1  to  be  made  up  of  porphyritic  rocks,  schists  and  sedimentary 
;  only  found  in  the  deep  cafions.  The  silver  bearing  veins  I 
)e  confined  to  the  eruptive  rocks  with  but  few  exceptions,  i.  e,, 
eral  farm,"  near  Ouray  in  Silurian  limestone;  the  "black 
line"  and  some  other  veins  in  Burough's  Park,  which  lie  in 
gneiss. 

he  most  interesting  sections  of  this  wonderful  region  is  Pough- 
Ich,  one  of  the  head  forks  of  the  Uncompaghre  river.  Here  we 
rous  veins  in  a  bleak  wilderness  directly  under  the  pass  which 

the  Uncompaghre  valley  over  into  the  Cement  creek,  one  of  the 
the  Animas  river.  Very  prominent  among  its  neighbors  is  the 
in  which  was  opened  by  two  adits  at  the  time  of  my  visit  last 
The  vein  is  well  defined,  striking  nearly  north  and  south,  with 
tical  dip.  The  breast  of  the  lower  adit  showed  beautifUl  ore. 
y^ray  copper  and  Alaskaite  in  a  gangue  of  quartz  and  barite. 
.  candle  light  the  gray  copper  and  Alaskaite  (Bismuth  silver  ore 
ere)  are  distinguishable,  and  are  separated  by  handpicking  into 

and  second  class  ore.  I  found  some  dijfficulty  in  procuring 
,  as  the  foreman  had  orders  not  to  allow  specimens  being  taken 

properiiea  of  Alaskaite,  The  specimens  consist  of  a  more  or  less 
nixture  of  the  new  mineral  with  barite  and  chalcopyrite,  and 
a  little  quartz.  Neither  blende  nor  galenite  could  be  detected, 
quantity  of  antimony  shown  by  the  analysis  might  be  due  to  the 
1  the  mixture  of  some  gray  copper  or  other  Stibiosulphosalts,  or 
placing  bismuth  in  the  Alaskaite.  But  could  in  no  way  interfere 
3rrect  definition  of  the  new  mineral,  as  will  be  seen  later.  The 
lecomposition  with  hydrochloric  acid  speaks  quite  in  fovor  of  the 

r 

• 

cture  of  Alaskaite  is  small  foliated,  some  smooth  cleavage  planes 
served  here  and  there.  Its  color  is  whitish  lead-gray,  approach- 
thinite ;  its  lustre  strongly  metallic ;  opaque.  Color  of  the  fine 
bluish-gray.  The  structure  forbids  a  determination  of  hardness, 
neral  is  m  ild  in  the  mortar,  and  easily  fHable. 
^flc  gravity  was  determined  with  the  fine  powder  used  for  the 
'J  and  D,  and  found  to  be  6.878  by  the  following  calculation : 
:  1>.31G5  =  A  +  B  4-  C  (Alaskaite  +  barite  +  chalcopyrite) 

A      &— B— C 
avep=j  =j3-^^^ 


The  analysis  gives  B  =  0,15;  8=  0.19TS;  C  =  0.228  ;  S  =  0  0901 
O.lflTS      „    ,,  O.0301       ,„„ 

^i  =    4.488  =  0-»**-  <»'  =   -4.i-  =  °-«^2 

J  =;  0.2095  by  esperimcnt. 
lienceS— B— C  =  A  =  1.0880 ;  d  =  J—iiS,  =  0.1583 

1.0889 
^''''  P^  0.1583  ^'^■^'^' 

Bioapipe  reoftiane.  The  nimpnil  decrepitates  in  llie  cloecd  tub*,  simi- 
larly Iri  tlie  majority  of  compoiiDds  bulonging  to  this  group,  it  mclU  Uicb 
at  red  heat  without  the  formation  of  &  sublimate.  Heated  wiih  ijie  O.  R 
on  charaosl  U  yields  a  deep  yellow  iDcrliBlalion  with  a  while  nou  volatita 
fringe,  coloring  the  searo  of  Ihe  flame  faintly  aiure  blue  (lead).  Upon  wo- 
tinued  blowing  n  crimson  to  pench  blossom  red  zone  appears  bolwecn  ita 
yellow  and  white  iDcrualatlon  (silver).  The  residue  gives  the  rcsctioiuDf 
copper  and  iron  with  borax  and  microcosmlc  snit.  and  nfter  ctjpelUnao 
wltU  lead,  a  considerable  silver  button.  With  potaseiam  iodide  and  siil)ihu 
an  intense  brick  red  coating  is  obtained  (bismuth).  In  the  open  lube  ml- 
phurous  anhydrite  (sulphur)  and  a  minutewhite  sublimate  rantiinonv}^ 
given  olf,  while  a  yellow  residue  is  produced.  Cold  coDcenlmtiil  hydro- 
chloric  acid  acts  very  slowly  upon  the  finely  pulverized  mineral,  but  tbe 
heated  acid  decomposea  it  completely  and  rapidly,  leaving  flo<x:ukni  eilirr 
chloride. 

Ani^gaet.  So  intimate  is  tbe  mixture  of  Alaskaite  and  cljalci>]>rritc.  tlui 
a  complete  mechanical  sc]iaralion  was  not  feusibtc.  Now  it  \s  quite  iris- 
sible  to  remove  the  AlaRkatte  by  IICl  fVom  the  chalcopyritc  and  bariic.  t'ui 
llie  ([iinntity  of  copper -iron -bisulfide  is  always  so  Biuall  (see  analysts)  thil 
if  the  iron  be  taken  as  represcnling  cbalcopyrite,  no  appreciable  ern^r  will 
be  committed.  A  Bmiill  quantity  of  tbe  mineral  was  picked  out  carffull.v. 
leaving  only  traces  of  chalcopyrile,  for  a  preliminary  analysis.  2-'i(i  mt. 
gave;  Bi,0,  =  l^O.O mgr;  P1)S0,=  38.0 mgr.  Ag CI  =  23.5 mgr:  CuO- 
T.O  mgr ;  birilc  T=  8.3  nigr.  The  substance  minus  barile  was  141.7  ai^. 
Calculated  upon  this  number  we  have : 

Bl^j  =  73.02;  Pb9=:  13.40;  Ag,S  =  a.O«;  Cu^  —  O.aOcorrcspon.iic? 

verj-  closely  to  the  raib  (nS)„  -f  (Bi,Si)„  that  is  probably  as  1  :  J.    A 

quunlllatlve  blowpipe  a.'wfty  gave  7..)  p.  c.  Ag,  or  minus  liarite,  8.SK)  Aai 

Witli  less  carefully  picked  material  the  following  S  analyses  were  miile, 

A  and  B,  the  dctemiinallons  ofBi  and  Pb  in  A  being  lost : 

a(i«..tooih  b  (1*0000) 

Insoluble  0.2382  O.l.'i'il 

AgCI  0,i;W7  O.Oflt'S 

CiiO  0.0710  0.04«3 

Fe,0,  0.02M  0.0108 

ZnO  0,0040  0.0030 

BiCIO  0.4fl4-5 

Bi/I,  0.0385 

PI)SO.  0.1480 

BaSO,  0.»S83 
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Deducting  the  insoluble  (barite)  we  obtain  per  cent. 

A  B  Mean. 

Bi     =    61.49  51.49 

Pb    =    12.02  12.02 

Ag    =     7.97  8.19  8.08 

Cu    =    4.49  4.37  4.43 

Fe     =     1.22  1.40  1.31 

Zn    =    0.24  0.29  0.26 

S       =    17.20  17.20 

94.79 
Deducting  again  Fe  =  1.31 ;  Cu  =  1.48  ;  S  =  1.48  as  chalcopyrite,  we 

obtain  for  Alaskaite 

:    208  = 

;    207  = 

:    216  = 

:    126.4  = 

65  = 

32  = 

that  is  0.1236  R  :  0.2475  Bi  :  0.4912  8  =  1 

Notwithstanding  the  simple  ratio,  this  result  cannot  be  utilized  to  base 
definite  conclusions  thereon,  since  there  is  an  unaccounted  loss  of  nearly 
5  per  cent,  in  the  analyses.  From  the  same  specimen  material  was  now 
taken  off  another  corner,  and  2  analyses  made  as  follows  : 

C  (l*.000)         D  (1«  0000)  Mean. 


Bi 

=     51.49 

Pb 

=     12.02 

Ag 

=      8.08 

Cu 

=       8.00 

Zn 

=      0.26 

8 

—     15.72 

0.2475 
0.0585 
0.0374 
0.0237 
0.0040 
0.4912 
:  2.002  :  3.974 


0.1236 


Bt 

^-m 

47.27 

46.47 

46.87 

Sb 

—^ 

0.51 

0.51 

Pb 

=r 

9.70 

9.70 

Ag 

— 

7.19 

7.01 

7.10 

Cu 

'—^ 

3.54 

3.75 

3.64 

Fe 

— 

0.70 

0.70 

0.70 

Zn 

^n 

0.56 

0.72 

0.64 

8 

— 

15.85 

15.85 

Insoluble 

'    ■ 

14.90 

15.10 

15.00 

100.01 

Taking  the  iron  again 
and  0.79  8,  leaving 

Bi              = 

as  coming  from  chalcopyrite  we  deduct  0.79  Cu 
46.87     :    208       =    0.2253     >,,,,, 

8b 

Z^IZ 

0.51 

122       = 

0.0041     ! 

'    V.««i7^ 

Pb 

= 

9.70 

207.2    =r 

0.0468     • 

Ag 
Cu 

___ 

7.19 
2.85 

216       = 
126.4    = 

0.0342 
0.0225 
0.0093     . 

0.1133 

Zn 

= 

0.64 

65       = 

8 

(FeiCu)8, 

Barite 

1 

15.07 

2.28 

15.00 

32       = 

0.4709     ; 

!  0.4709 

hence  R  :  Bi  :  8  = 

=  1 

:  2.020 

• 
• 

4.14 
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Tlie  composiliou  of  Alaskaite  is  therefore  in  100  pnrts 


Ag  =  8.74 
Cu  =  3.40 
Zn    —      0.70 


100,00 

This  Utter  result  must  be  taken  as  esUbliahins  the  nature  or  Alaskaltc, 
be  JO  ad  reasonable  doubt. 

But  OD  examining  some  otbcr  specimenB  qualitatively,  vbidi  appeared 
to  be  identicnl  in  pliysical  cbnraclers  with  the  preceding  one,  I  could  not 
at  first  produce  the  crimson  eilYercoating.  Buspectingan  esaenlial  difff  rente 
I  made  upon  the  Hsme  powder  three  anal;8e«  the  mean  of  which  (closely 
Agreeing)  is  as  follows  : 


Bi 

— 

51. 3S 

Bi 

= 

si.as 

208 

= 

Pb 

= 

n.5i 

Pb 

= 

17.51 

307.3 

= 

0.0S45 

Ag 

= 

3.00 

Ag 

= 

8.00 

216 

= 

0.0138 

Cu 

_ 

5.38 

Cu 

= 

3.74 

121!.  4 

— 

0.0285 

Fe 

1.43 

Zn 

0,20 

05 

0.0030 

Zn 

^ 

0.20 

8 

= 

16.21 

82 

— 

S 

= 

17.85 

(Cu  Fe>  8 

= 

4.71 

Insoluble 

= 

2.83 
99.55 

Barito 

~ 

2.83 

B;Bi 

S 

=  1 

;  1.887 

3.883 

= 

:3  :4 

Tliis  then  h  tlie  same  mineral,  except  that  the  greater' part  of  the  silver 
is  replaced  by  lead. 

We  have  then  in  Alaskaite  a  complete  type  of  the  sulphoaalta  of  the 
first  order,  according  to  Rammetsberg's  symbol : 

(ft,  ft)  a  +  H  S' 
to  wit  (^'b,  iioi  Ag,  Cu,)  8  +  (Bi'  Bb)'  8» 

Of  this  type  several  memhera  arc  known,  but  the  copper  bismuth  glance 
from  Bchwarzenberg,  and  jierliape  Domeyko's  ore  tVom  Copiapo  contaio 
bismuth  exclusively  on  the  negative  side. 

The  crystaliograpliic  symmetry  of  all  the  members  of  this  type  is 
probably  orlAor/uniiiric. 

A  specimen  from  the  Alaska  mine,  which  had  ]:>een  sent  to  me  as  bis- 
muth silver-ore,  being  comi)Osed  of  quartz,  barile,  chalcopyrite  and  what 
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appeared  to  be  gray  copper  was  pulverized  as  a  whole,  and  analyzed  with 
the  following  result : 


Calculated 

Sb 

=  10.10 

8b,8, 

=  18.68 

:  840  =  0.0402  ^ 

Bi 

=    5.05 

BiA 

=5    6.59 

:  512  =  0.0128  ! 

Cu 

=  14.97 

Cu,8 

=  17.01 

:  126  =  0.1076  ' 

Pb 

=    3.84 

PbS 

=    4.04 

:  239  —  0.0169 

Ag 

=    0.70 

Zn8 

=    8.84 

:    97  =  0.0396 

Zn 

—    2.56 

Ag,8 

—    0.80 

:  248  =  0.0032  , 

Fe 

=    1.23 

(Cui  Fe)  8, 

—    4.03 

8 
Insolul 

=  11.53 
}le   —  48.55 

Quartz,  etc. 

=  48.55 

0.0530 


0.1673 


98.55 

If  the  gray  substance  be  considered  homogeneous  then  its  molecular 
ratio  will  be 

RS  :  r»8»  =  3.1  :  1 

But  gray  copper  has  the  ratio  of  4  :  1.  If  the  bismuth  sulphide  be  now 
eliminated  with  the  corresponding  positive  sulphide  in  the  Alaskaite  ratio 
of  1  :  1,  then  we  get  for  the  ratio  of  the  rest 

R8  :  8b,Sj  =  3.86  :  1 

that  is  nearly  the  gray  copper  ratio. 

It  is  made  even  more  probable  that  such  a  mixture  be  here  in  existence, 
by  qualitative  tests  upon  a  large  specimen,  weighing  several  kilograms  of 
the  massive  gray  mineral.  These  tests  indicated  very  varying  percentages, 
by  the  intensity  of  bismuth  reaction  from  different  points  of  the  piece. 

It  is  a  matter  of  remark  from  a  genetic  point  of  view,  that  we  find  in 
this  vein  nests  of  Alaskaite  quite  free  from  the  gray  copper,  while  the 
latter  seems  to  be  mixed  generally  with  the  former  in  other  places  when- 
ever it  predominates. 


The  Aurtferotis  Chavels  of  North  Carolina.    By  H.  M.  Chance,  M.D, 
{Read  hefore  the  American  Philosophical  Society,  July  15,  1881.) 


The  belt  of  auriferous  gravel  stretching  in  an  almost  unbroken  line  from 
the  New  England  8tates  to  Alabama,  is  broadest  in  North  Carolina, 
where  it  has  also  been  more  productive  in  the  past,  and  promises 
greater  results  in  the  future  than  in  any  other  8tate  through  which  it 
passes. 

Tet  notwithstanding  the  flattering  prospects  apparently  presented  by 
these  gold  fields,  the  companies  organized  to  work  them  have  rarely  at- 


CUM  »*0  IJBijd, 

tatned  prartical  success  even  fur  a  short  period  :  tUey  luxve,  in  CirL  &ImiBt 
without  exceplioD,  failed  to  puf  dividends,  and  their  stock  is  now  a  drug 
in  the  market. 

But  a  period  of  excitement  has  agnin  been  inaugurated.  cnpitnlist<  nn 

pin  investing  in  mines  long  since  abandoned  as  unn^munerativv.  anil 
.d  Cnlifomiflii  miners  are  leaving  tlie  Wut  for  the  more  gliiiering  prw- 
ts  of  tlie  East,  where  thej  say  the  gravel  is  much  richer. 
T'hile  making  an  cxaminatioa  of  miuerul  lauda  in  Central  and  Wcsicrn 
North  C'srolina,  I  recently  noted  a  aeries  of  facts  thai  may  explain  in 
general  why  these  fields  have  not  been  remuaoislively  productive  in  latv 
jears,  although  the  gravel  does  contain  a  larger  average  amount  of  gold 
per  cubic  yard  than  many  Western  placers  now  prufttably  worked. 

When  one  inquires  why  the  workings  are  not  financially  successful.  h( 
Is  immediately  met  with  the  statement  that  the  mines  paid  handsomelj 
prior  to  the  California  excitement  in  '411,  when  the  Wesiem  gold  feiei 
caused  a  suspension  of  operations ;  tlut  the  civil  war  caused  a  second 
8tt)ppage :  and  that  there  are  muny  reasons  why  they  have  not  ixta 
ejBtematlcally  worked  since  the  war. 

These  statements  are  honestly  made,  and  are  to  some  extent  true  ;  bat 
from  18U  to  1860,  several  companies  were  working,  and  with  reiy  dis- 
couraging results,  and  since  the  war  several  mining  operaUona  have  been 
commenced,  but  discontinued — because  they  were  not  remunerative.  It 
cannot  be  claimed  that  these  operations  were  unauccessful  because  they 
were  not  prosecuted  for  a  sufficiently  long  period,  for  in  placer  workings, 
the  results,  Ef  any,  arc  quickly  attained. 

The  early  workings,  pnor  to  the  California  discoveries,  were  undoubi- 
edly  remunerative.  They  were  confined  principally  to  the  gravel  de- 
posits found  along  the  smaller  streams,  and  their  tributaries,  noiatilv  on 
the  First  and  Stcond  Bnmd  rivers,  and  on  Silver  and  Muddy  creeks  id 
Rutberforil,  Durkc  and  MeDowdi  counties.  The  gravel  was  worked  bj 
[Minniug.  by  the  rocker  and  "long-t-om,"  and  it  is  also  claimed  at  one 
place  at  least,  by  sluicing  with  a  head  of  water* 

A  brief  review  of  the  geological  peculiarities  of  the  region  will  e.vpUin 
the  great  difference  between  these  old  workings,  and  the  grovels  no' 
being  washed. 

In  llie  Geology  of  North  Carolina  by  Prof  W.  C,  Kerr,  page  15B,  Ibe 
gold  gravida  arc  referred  to  the  Chaniplain  period,  and  are  describi-d  »; 
beds  of  till  or  dccom)ioscd  rock  (int/iVii  drift),  sometimes  in  place,  some- 
times several  hundred  feet  lower  on  tlie  hillside  than  the  rocks  from  nliiih 
they  were  derived  by  disintegration. 

The  truth  of  this  statement  is  appiirenl  to  every  careful  observer,  and  this 
view  is  now  generally  accepted  among  those  practically  engaged  in  work- 
ing lliesc  de[iosits. 

Tlie  gold  seems  to  he  irregularly  dislribuled  through  the  so.ralled 
"slates  "  (mica  schist,  micaceous  gneiss,  hornblende,  schist,  etc.),  either  ui 

•The  arst  use  of  this  method  Is  generally  credited  to  Calirorulk. 
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thin  quartz  veins  or  disseminated  through  the  mass.  As  erosion  pro- 
gresses, the  decomposed  schist  is  converted  into  gravel,  the  lighter  and 
finer  particles  of  clay,  mica,  etc.,  being  easily  washed  out  by  the  percola- 
tion of  rain  water,  leaving  the  heavier  minerals  and  the  larger  quartz 
fragments  behind.  Thus  an  essentially  concentrating  process  is  and  has 
been  constantly  progressive  since  the  Glacial  period,  and  the  gravel  now 
found  lying  as  a  surface  covering  from  one  to  thirty  feet  thick  may,  and 
probably  does,  represent  several  times  its  thickness  of  rock,  the  coarser 
and  heavier  fragments  of  which  alone  remain. 

The  thickness  of  the  gravel  in  the  South  Mountain  region  probably 
averages  from  six  to  nine  feet,  but  I  consider  that  this  represents  the  re- 
mains of  at  least  twenty  or  thirty  feet  of  rock.  On  this  basis  the  gravel 
should  contain  more  than  three  times  as  much  gold  as  an  equal  bulk 
of  the  mother  rock — it  is,  in  fact,  found  to  be  much  richer. 

The  streams  draining  this  region  have  carried  away  millions  of  cubic 
yards  of  this  gravel.  The  old  river  bed  workings  in  California  have 
shown  that  all  streams  act  as  natural  sluices,  separating  and  concentrating 
the  gold  and  heavier  minerals  from  rocks  of  less  specific  gravity,  and  this 
action  has  undoubtedly  been  operative  in  these  North  Carolina  streams. 
The  gravel  washed  into  the  smaller  stream  beds  dropped  its  coarser  gold 
before  being  carried  out  into  the  main  water  courses,  and  we  consequently 
find  that  the  rich  washings  were  nearly  all  found  in  the  beds  of  the  small 
creeks  and  their  tributaries. 

These  were  thoroughly  worked  over  during  the  early  mining  excite- 
ment, prior  to  the  exodus  in  '49,  yielding  to  hand  panning  and  to  work 
with  the  rocker  and  long-tom,  from  two  to  ten  dollars  a  day.  They  have 
since  been  reworked ;  at  some  places  the  same  gravel  has  been  washed 
three  or  four  times.  It  was  very  rich,  necessarily  so,  for  working  a  stream 
down  to  bed-rock*  is  like  cleaning  up  a  sluice — it  contained  the  gold 
dropped  from  millions  of  cubic  yards  of  gravel,  the  accumulation  (cancen- 
traUs)  of  thousands  of  years. 

There  are  a  few  localities  where  these  stream  gravels  are  as  yet  undis- 
turbed.    They  will  yield  good  returns,  but  their  area  is  very  small. 

Tlie  vast  bulk  of  gravel  now  remaining  to  be  worked  is  hill  gravel  ;  its 
thickness  will  not  exceed  an  average  of  nine  feet,  and  it  is  of  varying  de- 
grees of  richness. 

On  some  tracts  gravel  may  be  found  yielding  from  one  to  ten  colors  to 
the  pan,  and  work  done  with  a  rocker  may  show  from  five  grains  to  a 
pennyweight  to  the  cubic  yard,  a  most  flattening  prospect  to  the  Western 
hydraulic  miner ;  but  such  results  are  rare.  I  am  inclined  to  think  that 
five  or  six  grains  to  the  cubic  yard  is  as  much  as  can  be  expected  from  an 
average  run  of  fair  gravel. 

The  important  question,  now  being  solved  in  a  practical  way  on  the 

•The  bed-rock  was  usually  not  more  than  two  or  three  feet  beneath  water 
level. 
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gTDUDd,  Is :  C&a  these  deposits  bi;  profitably  worked  by  hydratilir  mining? 
Tlie  question  maj  be  answered  buth  in  tti«  affirmative  and  in  the  negnlive. 
At  a  few  places  where  llie  gntvel  is  both  rich  and  thick — ten  fert  or 
more — and  water  can  be  obtained  in  sufficient  quantity  at  modeiate  com, 
hydraulic  uilning  may  be  suecetisfiil — but 

1.  A  large  worliing  area  is  neceBsary. 

2.  Tbo  closest  economy  must  be  exercised,  and 
8.  A  relatively  small  amount  of  capital  invested. 

A  large  area  is  necessary,  because  tliB  deposit  is  not  thick  :  assuming  *ii 
■renkge  thickness  or  fonr  yards,  one  acre  wonld  yield  hut  I9,^(K)ciibrf 
yarda  or  gravel,  and  one-founh  of  this  being  top  gravel  and  soil  mi^bl 
contain  very  little  gold,  as  the  gold  la  oflen  concentmted  In  the  loner 
Isyecs,  Bonietimes  in  a  "pay  nircak,"  near  the  bed-rock.  This  "p«.t- 
Btrcak  "  is  ui   (imc.-.  iniitc  iliiii— oih',  iui>  ur  iliri'e  iVet  thick.  Imt  the  iroH 

The  difference  between  the  cost  of  working  these  thin  depostta,  and  Ibe 
enormously  thick  gmvela  of  California  and  Oregon  will  be  readily  ap- 
preciated by  the  hydraulic  engineer,  and  to  this  difference  ie  dne  the  ttct 
that  although  these  gnvela  are  much  richer  than  many  Wcstem  depoiiis 
aucceasnilly  worked,  the  prospect  of  remuneiative  mining  in  thia  regioii  ia 
much  leas. 

In  some  localities  the  cost  of  bringing  water  will  be  very  great;  ditdua 
ten  or  twelve  miles  long  being  necessary.  At  the  Sam  Christian  mine,  on 
the  Yadkin  river,  arrangements  are  even  being  made  to  pump  the  water! 

It  will  also  be  difllcult  to  obtain  sufficient  fall  to  carry  off  the  tailings, 
for  some  of  the  riehesl  of  tbe  hill  gravels  has  been  found  in  comparativelj 
low  ground,  wliere  much  of  the  material  must  be  moved  l>y  hand.  I 
noted  one  mine  working  under  just  such  conditions,  that  was  yieldiDgis 
well  as  the  best  can  be  expected  to  average.  The  gravel  was  about  four 
yards  thick,  the  gold  occurring  princitmlly  in  a  pay-streak  near  the  bed- 
rock. The  lowermost  four  or  five  feet  was  moved  by  hand,  souic  pick 
work  being  required. 

Tlie  cost  for  labor  was  about  04  cents  per  superficial  square  yard,  BDd 
the  yield  averaged  over  a  considerable  area  one  pennyweight — 83  centj. 
Labor  75  cents  per  day.  Tliis  shows  a  pn)fil  of  31  cents  per  superficial 
aquare  yard  or  5.35  cents  per  cubic  yard  ;  but  these  figures  do  not  incluJt 
the  cost  of  superintendence,  mercury,  wear  and  tear,  etc.  When  Ihi're 
items  are  included,  it  can  easily  lie  seen  lliat  tbe  operations  were  licinc 
carried  on  at  an  actual  loss,  for  not  more  than  one  hundred  yards  weir 
washed  per  diem,  and  the  profit  on  this  would  not  pay  the  expcnsi'S  ui 
management. 

A  Irial  of  General  Strong's  injeclor  dredging  machine"  is  now  beinc 
made  on  the  gravels  in  the  bed  of  Silver  creek.  It  seems  belter  ad*plcJ 
to  working  on  river  bulloma  tban  on  these  small  South  Mountain  streaui<. 

nVol.  vlll,  TraniactloDBoflbe  AmerletD 
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I  have  reason  to  think  from  what  I  have  seen,  that  there  are  compara- 
tively few  localities  where  these  North  Carolina  hill  gravels  can  be  suc- 
cessfully worked  at  present ;  that  in  any  event  the  returns— considering 
the  risk — will  be  small;  that  no  "bonanza"  need  be  expected,  though 
local  deposits  of  very  rich  gravel  will  undoubtedly  be  found ;  and  that  no 
operations  can  be  successful  unless  the  strictest  economy  is  observed  in  all 
the  details  both  of  management  and  working. 


Stated  Meeting^  July  15 ^  1881, 
Present,  4  members. 

Vice-President,  Dr.  LeConte,  in  the  Chair. 

A  letter  acknowledging  the  receipt  of  certificate  of  member- 
ship was  received  from  Ast.  Roy.  G.  B.  Airy,  dated  Royal 
Observatory,  Greenwich,  June  18,  1881. 

Acknowledgments  of  the  receipt  of  Proceedings  were  re- 
ceived from  the  Smithsonian  Institution  (boxes  of  302 
addresses  for  distribution;  and  108);  the  Prag  Observatory 
(104,  105,  106;  List);  R.  Danish  S.  S.  (105,  106;  List);  Ver- 
mont  Historical  Society  (107);  Mus.  C.  Z.  Harvard  Collection 
(108);  A.  Agassiz  (108);  T.  P.  James  (108);  New  Bedford 
Public  Library  (108);  United  States  Military  Academy  (108); 
Poughkeepsie  S.  N.  S.  (108);  J.  J.  Stevenson  (108);  Buffalo 
S.  N.  S.  (108);  F.  A.  March,  Easton,  Pa.  (108);  Chicago  His- 
torical Society  (108);  and  State  Historical  Society,  Wisconsin 
(108). 

Donations  for  the  Library  were  received  from  the  New 
Zealand  Institute;  the  Danish  Society  of  Sciences;  Accademia 
dei  Lincei;  Re  vista  Euskara;  Society  C.  Geog.,  Bordeaux; 
Geographical  Society,  Paris;  Mus.  N.  H.,  Paris;  Royal  Belgian 
Academy;  Royal  Astronomical  Society  and  Meteor.  Com. 
London;  Boston  N.  H.  S.;  American  Oriental  Society;  Har- 
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vard  University;  New  Jersey  Historical  Society;  Franki^n 
Institute,  Journal  of  Pharmacy,  American  Journal  of  Medical 
Science,  Medical  News  and  Abstract,  Pennsylvania  MapaaDU 
H.  and  B.,  Pbiladelpliia  Library  Company,  Alumni  A;«*.H:ift- 
tion.  University  of  Pennsylvania;  J,  W.  Powell,  'Wasiunjt- 
ton;  Jed.  Hotcbkiss,  Staunton;  California  Academy  of  Sciencot, 
and  Mariano  Barcena,  of  Mexico. 

The  deatli  of  Mr.  W.  E.  Dubois,  at  Philadelphia,  July  H 
1881,  aged  70,  was  announced  by  Dr.  LeCoate  with  appropri- 
ate remarks. 

The  death  of  Br.  Geo.  Holleston,  at  Oxford,  England,  Ju» 
17,  1881,  aged  56,  was  announced  by  the  Secretary. 

Tlie  following  communications  were  prewiitcd: 


"On  ihe  Auriferous  Gravels  of  North  Carolina,  by  H,  »■ 
Chance,  M.  D."     (See  page  i77  above.) 


"The  Brain  of  the  Cat,  Felis  domestica.  1.  Preliminary 
account  of  the  Gross  Anatomy.  With  four  plates.  By  Burt 
G.  AVildcr,  M.  D.  Profos-sor  of  Anatomy,  etc,  in  Cornell  Uni- 
versity, and  of  Physiology  in  the  Medical  School  of  M:tiiie."' 


'■The  Vague  Nerve  in  the  Domestic  Cat,  Felis  i}omeili<rO- 
With  three  plates,  by  T.  B.  Stowell." 

Balloting  for  now  members  was  postponed  to  the  21st  <^' 
October  nest. 

Pending  nominations  934  to  910  were  read,  and  the  meetit"^ 
was  adjourned. 
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Stated  Meeting,  September  17,  1881. 

Present,  3  members. 

Prof.  Cope,  in  the  Chair;  Dr.  Horn;  Mr.  Lesley. 

Letters  of  acknowledgment  were  read  from  the  London 
Zoological  Society  (XV  ii;  Cat.  Ill;  97—106);  Leipsig  As- 
tronomical  Society  (106,  107);  Teyler  Fondation  (107,  108); 
Holland  Society  (XV  iii,  107,  108) ;  Brown  University  (108) ; 
and  Yale  College  (108). 

Letters  re(][ nesting  numbers  of  Proceedings  for  the  comple- 
tion of  sets  were  received  from  Prof.  W.  D.  Whitney  and  Dr. 
Jacob  M.  Dacosta. 

Donations  were  reported  from  the  Academies  at  St.  Peters- 
burg, Berlin,  Bruxelles,  Eome  and  New  York;  from  the 
Observatories  at  San  Fernando,  Greenwich  and  Cape  Tow^n; 
from  the  Society  at  Bonn;  the  Geographical  Societies  at 
Bordeaux  and  Paris;  the  London  Astronomical  and  Anti- 
quarian Societies;  from  Prof.  Steenstrup,  Dr.  Schaffler,  Herr 
Tischner,  Herr  Freytag,  M.  Renevier  and  Prof.  W.  Huggins; 
the  Revista  Euskara,  Revue  Politique,  Chemists'  Journal,  and 
London  Nature;  the  Annales  des  Mines;  the  Cobden  Club; 
the  Victoria  Institute;  Essex  Institute ;  Boston  S.  N.  II.;  R.  C. 
Winthrop,  Dr.  S.  A.  Green;  Yale  College;  American  Journal 
of  Science;  New  York  Academy;  American  Chemical  So- 
ciety; Metro[>olitan  Museum  of  Art-;  New  York  Mercantile 
LiVjrary  Association;  Princeton  Museum;  Franklin  Institute; 
College  of  Physicians;  Journal  of  Pharmacy;  Medical  News; 
C.  A.  Ashbumer;  P.  W.  Sheafer;  the  National  Museum;  U.S. 
Bureau  of  Education;  Buffalo  N.  11.  S.;  American  Antiqua- 
rian, and  J.  Hotchkiss,  of  Virginia. 

Prof.  Coj)e  communicated  a  paper  entitled,  "On  some  Mam- 
malia of  the  Lowest  Eocene  beds  of  New  Mexico." 

Pending  nominations  Nos.  984  to  942,  and  new  nominations 
Nos.  943,  944,  945,  were  read. 

There  being  no  quorum  present,  several  items  of  business 
were  postponed  for  consideration  at  the  next  meeting. 
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On  lomf  Mammalia  of   Ihr   Lowt  JSaefnc  buds  of  A'eie  Mexico.    By  E. 

D.       Coif: 

(Head  before  the  Amtnean  PHilotopMral  Sorirty.  Sipt.  17,  ISSl.) 

MBS(isTXSA.VAJDVios,sp.  uoT.  Smaller  iliao  tile  two  ktiowu  spcckg.  uid 
■wlih  iliB  crowns  of  ILc  molars  more  compreefled  and  the  blades  of  iliD 
heels  of  Ihe  Inferior  scries  more  acute.  Jlitlars  seven,  ihe  flrei  ouu-roolwl. 
Lost  molar  with  a  cutting  heel  like  the  others,  and  with  the  pcnnltiniNU, 
with  H  rudimental  anterior  inner  cusp.  All  the  molars  with  su  !inirrli>r 
basal  tubercle  except  Ibe  Brat,  Bf^ond  and  third.  No  busnl  cingulk. 
Principal  cusp  derated  and  compressed,  ii«  in  the  premolars  of  Orstma. 
Enamel  minuteljr  rugOHe.  Mandibular  rami  and  inferior  canine  teeth  com- 
pressed, ilie  angle  of  Ihc  latter  not  inflected.  Length  of  inferior  mdlu 
serieB  H.  .078  ;  do.  of  premolar  series  .04S  ;  fourth  premolar,  length  ofbue 
.010;  elevation  of  eusp  .008;  second  true  molar,  length  .013.  elevatinn 
.010  ;  width  of  heel  ,005  ;  depth  of  nimua  at  .020  ;  diameter  of  base  ot 
crown  of  canine,  vertical  .009. 

Pkkiptychvb  CARiMDBKs,  gen.  ct.  »p.  nov.  Creodontium.  Char.  GtK. 
Jio  distinct  eectorial  teeth,  tbe  first  and  second  true  inferior  molan  aitni- 
lor.  Thej  support  a  principal  median  cusp,  a  broad  heel  and  a  pronrineDt 
nateriur  cingulam.  The  heel  is  more  or  leas  divided  Into  tulxrrclee ;  tlrt 
anterior  eingiilum  is  on  the  inner  Ride,  nnd  represents  the  anterior  cnsp  of 
a  sectorial  tooth.  On  the  inner  side  of  the  principal  cusp  a  cinguluni  ris«s, 
loriiiing  a  flat  internal  tubercle.  Lust  molar  not  smaller  tlian  the  others ; 
premolars  unknown, 

Tliis  genus  belongs  to  tbe  Amblyctonida  with  Ainblyetonus  and  Palo- 
onyctia.  It  dilfers  from  both  in  the  rudimental  cliaracler  of  the  anterior 
cusp,  and  from  the  former,  in  tbe  presence  of  the  internal  tut>crcle.  Id 
Mtionyx  the  heel  has  a  median  culling  edge.  Chnr.  Specif.  Pans  of  both 
maudiliular  rami  and  tbe  sliiiltof  a  humerus  represent  tliis  species.  They 
indicate  an  uniinal  of  the  size  of  the  red  fox,  but  much  more  robust.  The 
mandibular  ramus  is  raiiier  shallow  and  thick,  and  tbe  molars  arc  not  large. 
The  heel  of  llie  penultimate  supporls  three  tubercles,  of  which  the  ei- 
ternal  is  the  largest.  Tlie  anterior  cingulum  sui)[>oris  a  small  cusp,  and 
lbe[i  rises  to  Ihe  internal  tubercle,  wliich  is  cuuipressed.  The  sides  of  ail 
the  cusps  arc  marked  with  distinct,  well  separated,  vertical  ridges.  Each 
extremity  of  tlie  internal  cusp  is  connected  witli  the  princiiml  cusp  by  > 
ridge.  Tiie  lirsl  true  molar  lina  fewer  cusps.  Those  of  the  heel  are 
scarcely  distinct,  and  form  a  border  which  rises  pn>iuinently  into  the  flit 
internal  luberclc,  whlcli  forms  a  numiw  limgitudinal  blade.  Tbe  auierior 
cingulum  has  no  cusp  and  does  not  rise  into  tlie  Inner  tubercle.  The  prip- 
ciiial  cusp  has  u  strong  entering  groove  next  tlie  inner  tubercle.  Length 
of  crown  lirst  molar  .Oll.'i  ;  widib  of  do.  .00«  i  elevation  of  do.  .008. 
Len;;llk  of  second  molar  .Ull  ;  width  of  do.  .007;  elevation  of  Jo. 
.OiMio.  Depth  of  ramus  at  do.  .020.  The  species  is  a  good  deal  email" 
than  the  Amblyctonut  nnotut. 
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Tkiisodon  QUIVIREN8IS,  gen.  et  sp.  nov.  Char,  gen.  Derived  from  the 
lower  jaw.  Probably  only  three  premolars.  True  molars  alike,  consist- 
ing of  three  anterior  cusps  and  a  heel.  The  cusps  are  relatively  small  and 
the  heel  large.  Of  the  former  the  internal  is  much  smaller  than  the  ex- 
ternal, and  the  anterior  is  rudimental,  being  merely  a  projection  of  the 
cingulum.  The  cutting  edges  of  the  large  external  cusp  are  obtuse.  The 
heel  is  basin-shaped,  and  its  posterior  border  is  divided  into  tubercles,  of 
which  the  external  is  a  large  cusp.  The  fourth  premolar  has  no  anterior 
inner  tubercle,  so  that  the  anterior  part  of  the  crown  consists  of  a  com- 
pressed cutting  cusp.  The  heel  has  two  well-developed  posterior  cusps. 
The  third  premolar  has  a  similar  principal  trenchant  cusp,  but  a  smaller 
heel.     Canines  large. 

This  genus  differs  from  HerpetotJierium  and  Tctops  in  the  simplicity  of  its 
fourth  inferior  premolar,  and  from  Stypolophus  and  Deltatherium  in  the  rudi- 
mental character  of  the  accessory  anterior  cusps  of  the  true  molars,  as  well 
as  in  the  three  premolars.  The  rudimental  anterior  cusp  of  the  true  mo- 
lars, with  the  three  similar  true  molars,  separates  it  from  PalcRonyctia,  and 
the  presence  of  a  conic  inner  cusp  of  the  same  indicates  it  as  different 
from  Amblyctonus  and  Periptychtis.  It  is  not  possible  to  state  whether 
Triisodon  must  be  placed  in  the  AmblyctonidcB  or  not,  on  account  of  the 
absence  of  the  superior  molar  teeth. 

This  specimen  of  the  type  species  of  tliis  genus  is  instructive  as  showing 
the  succession  of  premolar  teeth.  Both  the  third  and  fourth  premolars 
have  temporary  predecessors.  The  predecessor  of  the  fourth  premolar 
differs  much  from  it  in  form,  and  is  essentially  identical  in  all  respects 
with  the  true  permanent  molars.  The  crown  of  the  predecessor  of  the 
third  premolar  is  wanting,  the  roots  only  remaining  in  the  jaw. 

The  permanent  third  premolar  was  protruded  before  the  permanent 
fourth.  Which  temporary  tooth  of  Triisodon  is  homologous  with  the 
single  one  of  the  Marsupialia  pointed  out  by  Professor  Flower?*  As  the 
additional  permanent  teeth  of  the  placental  Mammalia  must  have  appeared 
later  in  time  than  the  one  already  found  in  the  iraplacentals,  they  must  be 
those  later  protruded ;  hence  the  fourth  tooth  in  the  jaw  of  Triisodon 
must  be  regarded  as  homologous  with  the  fourth  premolar  of  a  placental, 
which  is  the  last  of  that  series  to  appear.  If  this  be  true,  the  tooth  which 
follows  the  shed  tooth  of  the  Marsupials  is  not  the  fourth  premolar,  as 
supposed  by  Professor  Flower,  but  the  third  premolar.  This  view  is  con- 
Armed  by  the  fact  that  the  milk  tooth  displaced  by  the  fourth  tooth  in 
Triisodon  resembles  in  all  respects  the  true  molars,  just  as  the  permanent 
tooth  occupying  the  same  position  docs  in  Dldelphys  and  some  extinct 
eocene  genera.  This  goes  to  show  that  this  tooth,  permanent  in  marsu- 
pials, is  temporary  in  placentals,  and  that,  in  spite  of  its  form  in  the  for- 
mer group,  it  is  the  fourth  premolar,  and  not  the  first  true  molar,  as  sup- 
posed by  Professor  Flower.  Thus  the  posterior  milk-molar  of  diphyodouta 
is  a  permanent  tooth  in  the  Marsupialia, 

•  TranaaoUons  of  the  Royal  Society,  1867,  p.  6S1. 
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This  ohaervntioii  confirms  nij-  t'i)ni'iuslon  iLut  llic  Credonta  fnrni  *  frnqp 
intermeiliiite  between  llie  Miirevpi/ilio  nud  UarnioDra.  I  nuijr  udd  thai  in 
TriUodon  the  Inferior  border  of  the  lower  jnw  ia  not  inflectnd  poetwiiKlj'. 

Char,  ijiff^. — Sine  about  Ihat  of  the  wolf,  Inftrior  raniiie  dirpfC*d  op- 
wnrda,  Its  section  ntarlj  elltptic ;  a  &1nt  {lostf riur,  nn  unir^rinr  catting 
Oilge.  Fourth  premolar  nthcr  large,  with  aB  nnifirtor  basMi  riii^lnm 
which  is  nnguUte  upwnni!!,  and  u  not  coatinucd  nn  the  inner  side  of  tbe 
crown.  Cusps  of  ibe  hetl  each  Hcnding  a  ridgfi  forwnrds.  ihe  IntoTMl 
lower,  iibtuBe  and  descending  to  base  of  innor  side  nf  Ittrge  eusp  :  the  «i- 
temal  larger,  with  an  acute  anterior  culling  edge  continuoiiB  with  the  cut- 
ting edge  of  the  large  cusp.  True  molars  with  an  external,  but  no  id- 
ternal  basal  cingalum.  Border  of  heel  with  nne  large  and  three  snulln 
tubercles,  the  former  with,  the  latter  withoul,  anterior  ctiHing  edge.  En»- 
niel  of  all  tlie  teeth  nearly  smooth.  All  the  cusps  are  mther  obtu.« 
Jff""tr«menlii. — Length  of  inferior  molar  aeries  :  M.  .080  ;  long  diameiM 
of  base  of  canine  ,013  ;  length  of  true  molar  series  .OM  ;  length  of  !•» 
of  Prem.  IV.  -Olfi  ;  elevation  of  crown  of  do.  .014  ;  length  of  baae  of  V. 
IT.  .016  ;  width  of  do.  in  front  .01 1  ;  elevation  of  do.,  .OH.  The  nifwaw 
menlH  of  the  Jaw  are  not  given,  aa  the  animal  is  not  adult,  Uie  Ian  mote 
not  being  yet  protruded. 

From  Ihe  lowest  Eocene  beds  of  New  Meiico, 

Di;LTATii£;ii]rii  yr\n.i.«jsjs,  gcii.  et  sp.  uov.  CJiar.  Pfn,  Fam  Ijp- 
tiflida,  agreeing  with  iHopi  ai>d  SfetodecUt  in  possessing  an  Internal  tu- 
bercle of  Ihe  third  superior  premolar,  hnl  dilfering  f^om  both  In  hnvin^bm 
one  cstcmal  cusp  of  the  fonrih  Ruperior  pretiiolur.  (7A.fr.  Sperif.  Hcpiv- 
aented  by  the  dentition  of  lioth  uinxillary  l>oiies  minus  the  cunines.  The 
second  premolar  is  convex  on  the  inner  fnce.  The  hnse  of  rhe  lliini  i' » 
nearly  equilateral  triangle.  The  liases  of  the  true  molars  are  Iriandev 
with  Ihe  basea  cxiernnl.  The  internal  angle  supports  an  acute  cusp,  and 
has  a  posterior  liasal  cingiilum,  which  is  very  strong  in  the  lasl  Ihrif  nv 
lars.  The  two  cxlenuil  cusiis  of  the  first  and  second  molars  arc  <;i*iiit'tJ 
well  witliiii  the  linse,  which  is  folded  into  a  slnmg  dngulum.  This  cinsn- 
lum  develops  stronj;  iinlerlor  and  iMislcrior  angles.  Tills  is  the  larsr*! 
s[>ecics  of  the  family  yet  discoveri'd.  Extent  of  series  of  la*(  six  niolnr.. 
M.  .045  :  of  true  molars  .02*1 :  diameters  of  fonrih  premolar.  aniemi"v- 
terior  .01)74  ;  transverse  .0070  ;  do.  of  second  Inie  molar,  anleropiv-ierinr 
.00«7:  transverse  .0100.  This  species  was  a  fourth  larger  than  ihf  o™- 
mon  opossum,  and  very  much  resembles  it  in  dental  characters. 

CoNORVCTEs  cnMM.\.  gcu,  el  sp.  nov.  Ch'ir.  Oi-n.  Allied  1"  .If-r'!.;/! 
Inferior  canines  nolnwlenl -like,  with  conic  crowns.  Molars  ;l—;i,  ili.^Iir'i 
one-rooled.  the  second  lwii-n>oied.  Ihe  Ihird  with  iui  anU'riiir  iimicni'|i 
and  a  [M)sterior  ^rindint;  heel.  True  mnliiri  eon>iisting  of  two  li'tir-.  ••( 
suhcvliudrle  serlion.  -epiiralrd  bv  drc|.  v.Tli.al  ;.'roov.-s.  Knaioel  il.><; 
OIH-.I  oi.  inienuil  and  exl.-rn:il  f!urs,.r  rr..wn^.       CAor.  >>o/,     K.".»il.-l 
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posed  than  the  internal,  and  arc  somewhat  contracted  inwards.  In  the 
unworn  crown  there  is  a  distinct  anterior  inner  cusp,  which  is  soon  con- 
founded on  attrition.  The  heel  of  the  last  premolar  has  a  crescelitic  sec- 
tion, the  internal  horn  the  narrow^er.  The  anterior  lobe  is  a  robust  cone. 
The  base  of  the  second  and  third  premolar  is  oblique  to  the  axis  of  the 
ramus  outwards  and  forwards.  It  is  possible  tliat  there  is  a  minute  first 
premolar  filling  the  short  space  between  the  second  and  the  canine. 
No  cingula  ;  enamel  obscurely  plicate,  ramus  robust.  Length  of  molars 
minus  the  last  .0465  ;  length  of  base  of  first  true  molar  .010  ;  width  of  do. 
.009 ;  elevation  of  crown  do.  .0055  ;  length  of  base  of  fourth  premolar 
.011 ;  width  of  do.  .008  ;  elevation  of  crown  of  do.  .0065.  Anteroposte- 
rior diameter  of  base  of  crown  of  canine  .010.  Depth  of  ramus  at  first 
true  molar  .023  ;  width  of  do.  at  d©.  .013.  This  genus  differs  from  Estho- 
nf^  in  the  form  of  the  fourth  premolar.  In  the  latter  the  anterior  lobe  is 
compressed  and  trenchant.  The  species  is  larger  than  any  of  that  genus, 
and  nearly  equal  to  the  Ectoganus  gliriformis. 

Catathl^us  rhabdodon,  gen.  et  sp.  nov.  Char.  Gen.  With  this 
genUB  I  commence  descriptions  of  several  genera  with  bunodont  denti- 
tion>  which  has  some  resemblance  to  that  of  some  of  the  hogs.  The  one 
above  named,  with  MiockBuus,  remind  one  of  Tetrar.onodon  Falc.  and 
Lydd.,  in  the  enlarged  proportions  of  their  premolar  teeth.  I  compare  the 
genera  as  follows,  introducing  a  probably  perissodactyle  form  (Protogonia) 
for  comparison : 

I.  Third  and  fourth  superior  premolars  one  or  two  lobed  externally,  and 
with  internal  lobes, 

a.  Superior  premolars  with  two  external  lobes  ;  inferior  fourth  with 
two  median  cusps. 

Intermediate  tubercles  ;  premolars  not  enlarged Phenacodus. 

aa.  Superior  premolars  enlarged,  generally  with  one  external  cusp. 

fi,  A  posterior  internal  cusp  of  superior  molars  ; 
Intermediate  tubercles  present ;  last  inferior  premolar  with  inner  cusp  ; 

OatathUgun. 
Intermediate  tubercles  wanting,  replaced  by  branches  of  an  internal  V  ; 

no  cu.«?p  on  inner  side  of  last  inferior  premolar Anisoruhus. 

Intermediate  tubercle  present,  connected  with  anterior  inner  by  ridges  ; 

inferior  molars  with  Vs Protogonia, 

fifi.  No  posterier  inner  cusp  of  superior  molars. 
Intermediate  tubercles  present;    no  inner  lobe  of  last  inferior  premolar 

3fiocl(JBni/8. 

II.  Superior  premolars  1,  2  and  3  without  inner  lobe  ;  third  with  three 
external  lobes   (Pictet). 

Premolars  compressed DirJiohune. 

In  the  genus  Catathlaus  the  development  of  the  premolars  is  remarkable 
while  the  true  molars  are  relatively  small.  The  last  three  superior  pre- 
xnolaiB  have  an  elevated  internal  crescentic  cingulum  homologous  with 
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the  inner  lobe  uf  thfi  fourth  superior  premoliir  nf  llip  ruminants.  Thr 
general  character  of  tl»e  true  molars  is  that  ol'  /ttcniirodvs.  l*aru  of  twn 
or  three  indft'iduiils  ot  this  spedes  linve  come  Into  my  poteesekm,  one  of 
TOhich  includsB  iienrlv  all  of  ihe  molar  dentliion  of  Imth  Jaw*.  Th« 
external  cuap  of  the  superior  premalarH  is  conijuTSBed  conic,  nnd  ihe  in. 
lemal  ciiiguluui  exicuds  to  iI6  anterior  base  in  the  oocond.  lliM.  aiul 
fourth.  The  crotrn  of  the  lust  true  malar  is  about  as  long  as  vide,  while 
that  (if  tiie  fimt  is  ivider  than  long.  Euch  supports  scren  cusps  ;  t<m 
Bubcoiiic  external,  and  one  large  median  internal,  which  is  connected  br 
ridges  with  ii  small  snterior  and  posterior  median.  Then  tbcre  a>v  a  small 
anterior  and  posterior  internal,  making  three  internal.  Tlie  internal  ciwa 
Is  di?tiucl  from  the  principal  cusp  iu  the  inferior  premolars  III  nnd  IV. 
bat  nnlteB  with  tt  In  tbe  II ;  tt  aupporttf  oa  the  IV  an  anterior,  a  mediu 
and  a  posterior  cuap,  the  latter  forming  part  of  the  rather  narroir  heel 
Tbe  true  molars  I  and  n  have  aeveD  tubercles,  the  four  principal  oats, 
and  three  smaller,  one  anterior,  one  posterior,  and  one  median.  On  the 
third  the  posterior  forms  b.  large  heel.  All  of  tbe  molars,  but  especitllr 
the  premolars,  have  the  enamel  thrown  into  abarp  vertical  parallel  fnldii 
in  a  manner  I  have  not  seen  in  an;  other  mamtnat.  Length  of  six  raperior 
molars  .067  ;  length  of  three  true  molars  .029  ;  length  of  base  of  third 
premolar  .012  ;  width  of  do.  .012;  width  of  baae  of  first  tme  molar  .010; 
do.  of  third  true  molar  .009  ;  length  of  do.  .010.  Length  haw  fonnli 
inferior  premolar  .012;  width  do.  .010  ;  length  ofthird  truemolar.njl^; 
width  of  do.  .000.  The  leeth  indienl«  iin  animal  of  the  size  of  tlip 
licccary. 
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rior  boundary  of  the  crown.  This  crest  is  not  divided  into  parts  homolo- 
gous with  the  intermediate  tubercles.  The  crowns  of  the  M.  I  and  II  are 
surrounded  by  a  basal  cingulum,  which  in  the  M.  I  develops  a  tubercle  at 
the  anterior  external  angle.  No  internal  or  external  cingulum  on  P-m. 
IV.     Enamel  nearly  smooth. 

The  ramus  of  the  mandible  is  rather  slender  anteriorly.  The  P-m.  IV 
is  robust,  and  the  cusp  is  behind  the  middle  of  the  base  of  the  crown.  The 
heel  is  short  and  narrow,  and  has  a  raised  border,  connected  with  the  base 
of  the  main  cusp.  The  cusps  of  the  second  true  molar  are  elevated  and 
conic,  the  anterior  external  the  highest,  the  others  subequal.  The  base  of 
the  posterior  pair  is  a  little  narrower  than  that  of  the  anterior  pair.  There 
is  no  central  tubercle  as  in  CatathUxus  rhabdodon^  and  no  basal  cingulum 
on  either  tooth. 

Meamrements.  M. 

Length  of  three  superior  molars 0160 

^,  .      _,       -.„  c  anteroposterior 0055 

Diameters  superior  P-m.  IV  <  ^  ^^.^^ 

*  ^transverse 0070 

_,.        ,  .      ^r  ▼         ( anteroposterior 0052 

Diameters  suiwnor  M.  I         < ,  ^^w.^ 

'  ( transverse 0060 

Length  of  inferior  molar  series 0610 

**        *'        "      true  molar  series 0160 

^.        ^       .  *    .      -r*       T^r  <  anteroposterior 0060 

Diameters  inferior  P-m.  IV  < ,  ^wv.^ 

( transverse 0040 

^.       ,       .*..-»»▼▼         (anteroposterior 0050 

Diameters  inferior  M.  II         < ,  ^^.^ 

transverse 0040 

Depth  ramus  at  M.  II 0090 

A  number  of  minor  points  will  distinguish  this  species  from  those  in- 
cluded among  the  Mesodonta^  and  especially  those  of  Panlolestes,  which  it 
most  resembles.  The  molar  teeth  are  narrower  behind,  and  the  fourth 
premolar  is  larger.  It  is  Miocla^nus  sectoring,  American  Naturalist,  Octo- 
ber, 1881,  p,  831. 

MiocLiKNFS  TXTRoiDX's.  gen.  et  sp.  nov.  This  genus  differs  from 
Cat^jthlmu  in  the  structure  of  the  inferior  premolars,  which  are  without 
internal  crest  or  cusp.  The  inner  lobe  of  the  superior  premolars  is  less 
developed  than  that  genus.  In  the  present  species  the  characters  of 
MiorUtnuf  are  best  seen  in  the  snbconical  tubercles  of  the  premolars, 
particularly  that  of  the  heel  of  the  fourth  inferior  premolar.  In  the  other 
three  species  this  heel  is  more  of  a  crest  and  is  connected  with  the  princi- 
pal cusp  by  a  low  ridge.  The  four  species  may  be  characterized  as 
follows  : 


• 


a.  Cusps  of  last  premolars  conical  in  both  jaws. 

Size  medium.     Last  lower  molar  disproportionately  small ;   cusps  low  ; 

two  anterior  inner  distinct ;  true  molars,  .018 M,  turgidus. 

aa.  Fourth  superior  premolar  with  flattened  external  and  conic  inter- 
nal cusp  ;  inferior  unknown. 
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Size  niediiim  ;  fourth  npper  pruinolor  equilateml ;  all  cusps  iiruii- ;  ime 

molars  ,  01«5 Af.  tubtHj/easi. 

aaa,  CUBps  of  last  prt'iHOlurB  cfloiiiroBsed  in  lower  jaw. 

Least,  Secoiid  and  third  lowpr  tme  molars  subcqiial  ;  ciispB,  capprJatlr 
the  internal.  eloTaled  ;  anterior  inner  confluent  into  an  <Mtge  ;  liuf 
molars,  .013 M.  angatliu. 

Largest ;  cu^ps  of  inferior- molars  obluse  ;  P-m.  Ill  .OOS.  Its  beel  ihnrt 
and  small Jf.  mandibulani. 

Medium  ;  lasi  inferior  molar  larger  than  penultimate  ;  true  molars,  OU; 
P-m.  in  .OOe Anitanth«i  tteUmvi. 

Of  M.  tftrgidut  there  are  two  Epedmens ;  and  of  3f.  mitrigrmv*,  M.  itn- 
!Piitiiii  and  .tf!  maadibuUtrit  one  each. 

In  the  M.  Uirgidia  tbere  are  no  cingula  on  the  fonrth  premolar.  It  it 
wider  than  tnng,  and  the  GXternal  face  is  a  little  flattened.  The  tnbcrd» 
are  conic;  the  external  has  a  amull  one  at  the  anterior  bive.  and  a  rudi- 
ment at  the  posterior  Imso.  and  there  is  a  low  one  on  the  posterior  side  «l 
the  middle.  The  9e»v>nd  tnie  molar  is  wider  than  the  first.  The  tuherclra 
are  all  round  in  seetion.  Besides  those  already  mentioned,  there  is  a  mill- 
ment  of  a  posterior  inner  on  the  lirst,  wliich  is  represented  by  a  dngtilun 
on  the  second.  The  latter  has  basal  cingula  all  around  except  on  the  intin 
(lide  ;  the  same  are  vinible  on  the  iirat  true  molnrinnrudimentaloinditinn. 
Eiiamel  nearly  snio<ith. 

The  iufcrinr  molars  are  of  robust  proportions.  Their  si7es  are.  rommenc- 
ing  with  the  largest  :  P-m.  IV  ;  M.  II ;  M.  1  ;  M.  III.  The  last  molar  it 
only  half  as  large  as  the  penultimntc.  It  has  two  anterior  and  an  eilcmil 
lateral  tuhereles,  and  a  heel.  On  the  penultimate  molar,  there  are  two  nn- 
lerior  tubercles  wilh  a  trace  of  anterior  inner :  also  a  broad  flat  heel,  with 
a  low  tubercle  on  liie  external  side.  The  constitution  of  the  first  true  mo- 
lar is  Identical.  The  fourth  premolar  has  a  nidimental  heel  consii^ting  o( 
a  low  tuhercle  onl3-.  The  principal  cusp  is  conic  and  is  over  the  middle 
of  the  transverse  diameler.  and  a  little  behind  the  middle  of  the  aniero- 
Ijosterior  diameter.     No  cingula.     Enamel  nearly  smooth. 

Mtal'iremenlt.  M. 

Maxillary  bone. 

Length  of  ha,=c  of  P-m,  IV,  SI.  I  and  M.  IT OlT.i 

t  anteroi>osterior OCWS 

i  IransTerse 000.5 


Diamciers  base  P  n 
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Diameters  base  M.  II 


^  anteropoalerior 0060 

Mandible. 

Length  of  bases  of  last  four  molars 0350 

Diameter,  P-m.  IV  S  .ntetopo.l.rior 0O70 

Hransverse 0055 


M8L1  491  [Cope. 

MeoiuremenU,  M. 

^,  ,,  _  c  anteroposterior 0060 

Diameters  M.  I  <  ^  /ww,n 

I  transverse 0060 

_.  __  ___  c  anteroposterior 0055 

Diameters  M.  Ill  < ;  ^^.o 

( transverse 0043 

Depth  of  ramus  at  M.  1 0115 

Thickness    "      "      **   0085 

Mtocljenus  suBTRiGONrs,  sp.  nov.  Represented  by  a  portion  of  a  cra- 
nium anterior  to  the  orbits  and  lacking  the  extremity  of  the  muzzle,  dis- 
torted by  pressure.  It  exhibits  nearly  all  of  the  molar  teeth.  The  spe- 
cies differs  from  M.  turgidus  in  the  greater  acuteness  of  all  its  cusps,  and  in 
the  equilateral  form  of  the  fourth  premolar.  It  is  too  large  to  belong  to 
the  M.  angustus,  which  is  represented  by  a  mandible  only  ;  and  too  small 
to  be  the  M.  mandibularis,  whose  maxillary  dentition  is  unknown. 

The  inner  borders  of  the  molar  teeth  are  shorter  than  the  outer,  espe- 
cially in  the  last  two  molars.  The  last  true  molar  is  smaller  than  either 
of  the  others.  The  cusps  are  all  subconical,  but  the  internal  is  connected 
with  the  intermediate  by  ridges,  which  give  it  a  triangular  section.  The 
latter  form  a  V,  homologous  with  that  in  AnUonchus,  but  not  so  distinct, 
and  the  intermediate  tubercles  are  not  lost  in  its  branches  as  in  tliat 
genus.  The  posterior  inner  lobe  of  that  and  other  genera,  is  represented 
by  a  thickening  of  the  cingulum.  This  cingulum  extends  entirely  round 
the  P-m.  IV  and  M.  I,  and  M.  II ;  the  M.  Ill  is  injured.  The  sides  of  the 
base  of  the  P-m.  IV  are  slightly  concave.  The  enamel  of  all  the  molars  is 
wrinkled. 

Measurements.  M. 

Length  of  bases  of  last  five  molars 0285 

T^.        ,         -,  ^  T^        -.__  c  anteroposterior 0060 

Diameters  of  base  of  P-m.  IV  < ,  ^^^^ 

(  transverse OOoO 

^.       ,         - ,  r  Tir   T  ^  anteroposterior 00()0 

Diameters  of  base  of  M.  I  \  ^  ^^,,,. 

I  transverse 0060 

^.        ,       ^  *  ^-^  xr  ^  anteroposterior 0060 

Diameters  base  of  M.  II  <  ^  ,^,^« 

(transverse 0<)i.> 

T^.  ,  -,,  __-  t  anteroposterior 0040 

Diameters  base  of  M.  Ill  <  ^  ,.,^,^ 

i  transverse 0060 

MiorLw^Nus  AXGi'STrs  Cope,  American  Naturalist,  1881,  October  (Sop- 
temlKir  22d),  p.  831.  The  least  speci(»s  of  the  genus,  with  the  teeth  about 
the  size  of  Ilyt/psodus  pmdus  Leidy,  but  with  more  robust  jaw.  Tlie  molar 
teeth  diminish  in  size  regularly  posteriorly  from  the  Pm.  IV.  They  all 
have  three  subequal  posterior  cusps  which  are  less  elevated  than  the  ante- 
rior ones.  The  median  is  enlarged  into  a  heel  on  the  last  tooth.  Tlie 
anterior  are  opposite,  and  the  external  is  larger  than  the  internal.  There 
is  no  anterior  internal.  Tlic  external  wears  into  an  antcro|>osterior  narrow 
grinding  surface,  which  looks  like  a  combination  with  an  anterior  median. 
The  latter  ig,  however,   not  separate  on  the  least  worn  molars.     The 
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*r  cusp  increases  in  size  anl*riorly,  and  is  the  large  cuspnf 
tliG  P-m.  rV.  It  sends  a  bmncli  backnards  un  the  inner  aide  of  ihv  cruwa 
whicb  forms  Ihe  edge  of  the  narrow  concAve  heel.  There  nre  no  ciiipili 
except  a  Bbort  one  oa  the  anterior  corners  of  tlie  base  of  the  crown  of  Ujs 
P-m.  IV.    Enamel  obscurely  wrinkled. 

3featurfjnenti.  M. 

Length  of  poslcrlnrfour  molara 0180 

Dl.m.ter.orP.».nr  J '^'^JT.'"'" IS 

r)I.«n™  rf  M.  I  j  *i'™™"'" S 

Dl.n.lm  of  M.  ni  »t.„po.„ri«, OMt 

(transverse 0030 

Depth  ramuBat  M.  I Ollfl 

Thickness"    "    "  0060 

pHENACODrs  ptTERCEXsiB,  sp.  nov.  Three  Individuals.  Last  superlT 
molnr  smallest ;  first  and  second  tnie  molars  with  six  tubercles,  two  «:>■ 
temai,  two  median  and  two  internal.  A  strong  basal  cingalam  except  an 
inner  side.  Inferior  tme  molars  besides  the  nsnal  Rve  tubercles,  (\imishei1 
with  an  anterior  ledge  with  a  tubercle  at  its  inlprior  extrcniily.  A  wwlc 
external  Itasal  cingulum.  A  little  larger  than  the  P.  vorlmani.  Ijengtii 
of  superior  true  molars  M.  .021  ;  length  of  base  of  crown  of  M.  Ill 
.OOli;  do,  of  M.  I  .008;  width  of  do.  .008;  length  of  base  of  crown  of 
inferior  M.  Ill  .008.1 ;  width  of  do.  in  front  ,000;  depth  of  f»mus  at  M. 
1 .019. 

PiiENAroDtTS  7,fsiENsiH,  Sp.  nov.  The  Icsst  apccics  of  the  genus,  rep- 
rp*"ented  by  the  mandibles  of  two  individuals.  The  first  and  second  inic 
molaiy  are  narrowed  in  front,  and  lliere  is  no  distinct  anterior  ledire,  only 
a  minute  anterior  inner  tubercle.  The  eKternal  cingulura  is  more  distinct 
and  the  enamel  is  wrinkled.  The  fourth  premolar  has  a  short  base  nD<l 
the  inner  cusp  is  much  smaller  than  the  princii>al  one ;  it  has  a  wide  heel 
and  an  anterior  ba-^al  tubercle.  Length  of  true  molars,  M.  .018 ;  of  laM 
true  molar  .OOfi;  of  base  of  first  trne  molar  .006;  width  of  do.  .004; 
depth  of  ramus  at  do.  .01 1. 

PnoTOnoNiA  smquABiiATA.  gen.  et  sp,  nov.  Fourth  superior  premolar 
with  one  e.vternal  and  ouc  internal  lolie.  True  molars  with  two  external, 
two  internal,  and  two  inlennediate  lobes,  both  Ihe  latter  connected  with 
the  anterior  internal  by  a  ridse.  Supposed  inferior  tme  molars  with  two 
Vs  with  w-eak  anterior  bnniches ;  last  true  molar  with  heel. 

This  genus  will  enter  tlie  ChaliMlktriidx  of  my  system  of  Perimodar- 
tyl'i*  if  the  feet  are  found  to  possess  the  requisile  characters.  It  is 
allied,  apparently,  also  to  IlyTocntherivm,  but  differs  in  the  Va  of  the  infe- 
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rior  molars,  if  they  are  properly  identified ;  and  in  the  superior  molars. 
The  anterior  transverse  crest  of  that  genus  is  represented  in  Protogonxat 
but  not  the  posterior.  This  is  replaced  by  a  low  ridge  running  across  the 
course  it  pursues  in  Hyracotherium,  The  posterior  median  tubercle  is  also 
not  found  in  the  latter  genus.  Protogonia  diflfers  from  Limnohyus  in*  the 
subconic  character  of  the  external  lobes  of  the  superior  molars.  If  the  tu- 
bercles, excepting  the  posterior  inner,  should  be  converted  into  crescents, 
the  genus  MenUcotherium  would  be  produced. 

Char.  Specif.  Probably  two  specimens  ;  one  supporting  three  superior 
molars  ;  the  other  including  damaged  superior  molars  and  the  last  two  in- 
ferior molars.  The  animal  was  about  the  size  of  the  red  fox.  The  exter- 
nal cusp  of  the  fourth  superior  premolar  is  flattened  externally,  and  has  a 
small  lobe  on  its  posterior  edge.  The  inner  tubercle  is  conic  and  is  sepa- 
rated by  a  tubercle  from  the  anterior  base  of  the  external.  True  molars 
without  external  ridges.  The  external  cusps  of  the  true  molars  are  lentic- 
ular in  section.  The  posterior  inner  cusp  is  in  nearly  the  same  antero- 
posterior line  with  the  anterior,  its  section  about  equaling  that  of  the 
intermediate  cusps.  The  first  and  second  molars  have  an  external,  an 
anterior  and  posterior,  but  no  internal,  basal  cingula.  The  enamel  is 
somewhat  wrinkled  where  not  worn. 

The  heel  of  the  last  inferior  true  molar  is  elevated,  and  its  worn  surface 
forms  the  extended  posterior  branch  of  the  posterior  V.  The  posterior 
edge  of  the  penultimate  molar  is  elevated  and  curved  forwards  on  the  in- 
ner side  of  the  crown.  The  anterior  cusp  forming  the  angle  of  the  V  of 
this  tooth,  .is  higher  than  the  posterior  angular  cusp,  but  the  anterior  limb 
descends  rapidly  as  in  Coryphodon.  A  weak  antero-external,  and  postero- 
external cingula.     Enamel  wrinkled  where  not  worn. 

Meas^iremtnts,  M. 

No.  1. 
Length  of  bases  of  three  superior  molars 025 

.-^.  -  .      -r*        T^  ^  anteroposterior 0066 

Diameters  of  supenor  P-m.  I  v  <  ^  ^„o« 

^  I  transverse 0086 

-^.  ^  .      -mr   T        <  anteroposterior 0085 

Diameters  of  superior  M.  I        <  ^  ... 

*^  (transverse Oil 

^.        ^  .      ^r  TT  \  anteroposterior 009 

Diameters  supenor  M.  II  ^  '  ^^. 

(transverse Oil 

No.  2. 

Length  of  bases  of  last  two  inferior  molars 0225 

T^.        ^         c\    ^'  c    '  1      ^anteroposterior 0114 

Diameters  of  last  mfenor  molar  <  ^  '  .^^^ 

i  transverse 0066 

T^.        .         r*  /»    •     Ar  TT        (anteroposterior 0113 

Diameters  of  mfenor  M.  II        •;  '  ^^^^ 

(  transverse 0080 

Depth  of  ramus  at  M.  II 0240 

Thickness     "       **       "     0110 

Meniscotherium  TERRiERUBRiK,  sp.  uov.  My  spccimcns  of  this  species 
embrace  the  dentition  of  several  individuals. 
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The  dimenaions  of  the  superior  molare  iucrmiBc  to  tho  peonl limbic, 
'while  the  exlemtvl  und  posterior  sidve  of  the  Iniit  iiiului  urc  cuntncttd.  re- 
ducing Its  size.  The  cxit-rnsl  faces  of  tlie  cjctenial  Vs  of  the  Irne  inniira 
urc  conaiderBbly  impressed ;  tliose  of  llie  premolars  are  uenrly  flal- 

The  second  premolsr  is  I'wo-rooted,  sud  has  a  compressed  cmwn,  wilU- 
out  cither  Iieel  or  cingiilum,  except  a  thickening  i>f  tlie  posti-iior  isne. 
The  base  of  the  crown  is  triangular.  The  external  plate  of  the  third  jjre- 
tiiolnr  IE  simple,  and  is  conuected  willi  the  internal  cusp  hy  a  cinguluu 
on  the  posterior  base  of  the  crown.  The  crown  is  transverse,  and  llifl 
inner  tubercle  rather  small.  The  fi  '  premolar  is  much  larger  than  the 
third.  Its  external  plate  is  ilivideu  3  two  apic«s,  which  are  not  im- 
preued,     Their  external  faces  are  rated  by  a   faiut  rid^,   and  an 

dividod  medially  byn  faint  ridge.  interior  external  angle  is  nititt 

prominent.    The  anterior  and  a  p  r  cingulum  extend  to  aod  roand 

the  inner  Imse  of  the  interior  tubcrvic  fitltin  the  anterior  cxturnal  npu, 
is  a  well  developed  iniermedbte  crest  ^llel  to  it ;  and  there  U  a  cortra- 
pondingcreat  within  llie  posterior  eslvmfll  ai>ex.  This  one  turns  inwanli 
it  its  posterior  extremity,  which  i»  on  the  posterior  cingulum. 

Theanlerior  angle  or  horn  of  each  external  crescent  of  the  true  molars  i( 
very  prominent.  They  are  sections  of  short  vertical  ridges,  which  unhe 
near  the  base  of  the  crown,  giving  abruptness  to  the  imprenaion  of  the  ti- 
lemal  surface  of  the  anterior  lobe.  The  middle  of  each  fiice  has  a  Ikint 
median  ridge.  The  two  molars  have  an  anterior  basal  cingulum,  but  no 
posterior  or  internal,  excepting  a  trace  between  the  bases  of  the  tntemil 
lobes.  The  anterior  intermediate  crescent  is  (|nite  parallel  with  the  ei- 
ternal ;  the  anterior  internal  tubercle  has  a  slightly  V-shaped  section.  Tlie 
pONtcrior  inner  tubercle  is  <]Uile  confluent  with  an  oblique  intermediate 
crest,  ax  In  .V.  chamenge.  In  the  last  true  molar,  as  there  is  only  one  in- 
ternal tubercle,  this  crest  is  short,  terminating  at  the  posterior  border, 
The  In.'^t  true  molar  is  like  the  last  premolar,  except  in  its  two  impressed 
external  crescents. 

A  frngiuent  of  the  right  branch  of  the  lower  jaw  supports  two  molan, 
and  Ihc  alveoli  of  two  others,  all  of  which  have  two  roots.  These  teeth 
are  the  four  premolars,  nlihough  the  last  one  has  the  form  of  the  first  iru* 
molar.  Should  my  surmise  he  correct,  then  the  third  premolar  has  nearlj 
the  same  form  and  structure  as  the  fourth.  Tlie  anterior  horn  of  its  ante- 
rior V  is  not  pniduced  ipiite  so  far  inwards  as  in  the  fourth  tooth.  At  the 
lioint  of  junclinn  of  the  adjacent  horns  of  the  Vs  there  is  a  slight  antem- 
posterior  extension,  forming  a  median  buttress  of  the  inner  side  of  the 
crown  as  in  AnehilheHum.  The  posterior  horn  of  the  posterior  V  is  alw 
incurved,  as  in  that  genus,  Tlie  angles  of  the  Vs  of  the  inferior  inoUn 
are  rounded. 

The  surfaces  of  the  enamel  of  the  teeth  of  both  jaws  is  smooth. 
5IritmremeiKt».  M. 

Length  of  superior  molars,  less  P-m.  I 048 

■'      of  true  molar  series 028 

'■      ofbaseot  P-m.  II 0O5 


1881.]  49o  [Pope. 

Measurementi.  M. 

Tx.        ,         ri-       T»        TTT  (anteroposterior 006 

Diameters  of  base  P-m.  Ill  i  ,  ^^^ 

( transverse 007 

•'         ofbaseP-m.  IV-['"'''''°P°"*'""'" ^ 

(transverse 010 

"         of  base  ot  M.  II  j anteroposterior Oil 

(transverse 013 

r  vertical 005 

"         inferior  P-m.  Ill  (or  IV)  \  anteroposterior.. .  .007 

( transverse 005 

Depth  of  ramus  at  same  tooth 012 

Thickness  ramus  at  succeeding  tooth 009 

The  Menucotherium  Urrceruhra  differs  from  the  M.  chamense  in  two 
features.  The  first  is  its  superior  size.  The  second  is  the  flattened  form 
of  the  external  faces  of  the  true  molars  and  the  absence  of  the  convexity 
of  the  external  bases  of  the  crown. 

My  specimen  of  this  species  is  from  the  red  Eocene  bed  in  Northwestern 
New  Mexico,  from  the  true  Wasatch  horizon,  or  hijrher  than  that  which 
produced  the  other  species  here  described.  It  was  found  by  my  assistant, 
D.  Baldwin. 

Remakks. 

As  stated  in  my  report  to  Lieut.  Wheeler  in  1877,  no  vertebrate  remains 
had  been  found  in  the  Puerco  beds,  which  underlie  the  Wasatch  in  New 
3Iexico,  up  to  that  time.  It  was  therefore  uncertain  whether  they  form 
the  top  of  the  Cretaceous  or  the  bottom  of  the  Tertiary  series.  I  have 
recently  obtained  evidence  of  the  existence  of  Clmmpsomunis  in  them,  so 
that  their  position  might  be  supposed  to  be  in  the  Postcretaceous  S3'stcm. 

It  is  however  quite  possible  that  the  species  of  Mammalia  described  in 
this  paper  were  derived  from  the  Puerco  Formation.  Their  horizon  is  be- 
low the  Wasatch,  and  they  represent  a  different  fauna  from  that  of  those 
beds. 

Attention  has  already  been  directed  to  this  fauna  in  the  pages  of  the  Amer- 
ican NaturalUt*  I  have  recorded  the  presence  of  the  Crcodont  trenera, 
JPBriptychus,  Trmodon  and  Delfafherium,  and  of  the  saurian  Champ- 
iosaurifH.  I  have  now  added  the  genera  JTf/rarof7ierium  and  Meniscotherium, 
and  a  number  of  new  forms  of  considerable  interest.  Tliese  are  the  Creo- 
dont  Mesonyx,  a  new  genus  allied  to  Ei^thonyx,  and  a  series  of  genera  and 
8i)ecies  with  a  suilline  type  of  dentition,  but  whose  affinities  are  by  no 
means  certain.  This  point  cannot  be  determined  until  the  characters  of  the 
feet  are  known. 

The  facies  of  this  fauna  differs  in  sevenil  ])oints  fi-om  that  of  the 
Wasatch,  Coryphoilon  has  not  yet  been  discovered  in  it,  and  the  flesh- 
eaters  are  very  primitive.     The  suilloid  genera  are  characteristic. 

•April,  August  and  October,  1881. 
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Slated  Meeting,  October  7,  18SL 
Preseut,  12  members. 
President,  Frederick  Fraley,  in  the  Chair, 

Letters  of  acknowledgment  were  received  from  the  Societj 
at  Stiittgard  (105,  lOe,  Liet);  the  R.  Danish  Society  (107, 108, 
XViii);  the  Dutch  Societj  at  H—lem  (105,  106,  List.);  the  R. 
Academy  at  Amsterdam  (106);  the  Zoological  Society  at 
Amsterdam  (107,  108,  XViii'>  ■  +he  Agricultural  Sociel;-  at 
Lyons  (lOa-lOIJ) ;  the  R.  S.  of  nburg  (106) ;  the  Geol.  Sur- 
vey of  Canada  (108);  and  the  uuiverBity  of  the  City  of  Hew 
York  (108.) 

Ijetters  of  envoy  were  received  from  the  Hungarian  Academv; 
the  Royal  Academy  and  Zoological  Society  at  Amsterdam; 
the  Central  Statistical  Bureau,  Dutch  Society  and  Teyler 
Foundation  at  Harlem ;  and  the  Natural  History  So(;ietT  si 
Hanover. 

A  letter  requesting  a  copy  of  Proceedings  No.  92,  was  re- 
ceived from  the  Meteorological  Institute  at  Vienna. 

A  letter  respecting  the  "  American  Catalogue"  was  received 
from  Armstrong  &  Co.,  N.  Y. 

Donations  for  the  Library  were  received  from  the  Asiatic 
Society  of  Japan ;  the  Russian,  Pruwian,  Hungarian  and  Dutcli 
Academies,  and  the  Academies  at  Rome,  Turin  and  Dijon; 
the  Natural  History  Societies  at  Moscow,  Hanover  and  Stutl- 
gard ;  the  Observatory  at  St.  Petersburg ;  the  Geographical, 
Anthropological  and  Zoological  Societies  and  Geological  Insti- 
tute, in  Vienna;  the  (Jerman  Geological  Society  in  Berlin:  the 
Statistical  Bureau  at  Harlem  ;  the  Zoological  Society  at  Am- 
sterdam ;  the  Entomological  Society  and  Statistical  Bureau  at 
Brussels;  the  Geological  Committee  of  Italy;  the  Guimet 
Ituseuni  and  Agricultural  Society  at  Lyons;  the  Geographical 
Society  and  Society  of  Sciences  at  Bordeaux  ;  the  Anthropo- 
logical, Ethnographical,  Antiquarian  Societies,  Polj-tecbnic 
School,  and  Political  and  Literary  Review,  at  Paris;  the  Society 
at  Cherbourg ;  the  Victoria  Institute,  Meteorological,  Geograpli- 
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ical,  Geological,  Zoological  and  Asiatic  Societies,  Nature  and 
the  Cobden  Club,  at  London;  the  Societies  at  Cambridge, 
Falmouth,  Leeds,  Liverpool,  and  Edinburg;  the  Mass.  Hist. 
Society;  Peabody  Museum;  the  American  Antiquarian  Society; 
the  American  Journal  of  Science ;  the  American  Journal  of 
Pharmacy ;  the  U.  S.  Dei)artment  of  Agriculture ;  the  National 
Museum  at  Mexico ;  Mr.  Eli  K.  Price,  and  Mr.  F.  Fraley. 

The  death  of  Captain  Carlile  P.  Patterson,  Superintendent 
of  the  Coast  and  Geodetic  Surveys  of  the  United  States, 
was  announced  by  Mr.  Fraley. 

Revolted,  That  Mr.  Robert  Patterson  be  requested  to  prepare  an  obituary 
notice  of  the  late  Mr.  William  E.  Dubois. 

Communications  were  received  entitled : — 

"  Notes  on  the  Coal  Field  Near  Canon  City ;"  and  "  Notes 
on  the  Quinnimont  Coal  Group  in  Mercer  Co.  W.  Va.  and 
Tazewell  Co.  Va.  by  John  J.  Stevenson,  Professor  of  Geology 
in  the  University  of  the  City  of  New  York." 

Professor  Cope  exhibited  a  recently  discovered  lower  jaw 
of  Triisodon  quiverensis  from  New  Mexico,  in  an  almost  per- 
fect condition,  with  four  molars  and  two  premolars  of  marsupial 
type.  Beneath  the  premolars  are  exhibited  (by  fracture)  two 
perfectly  formed  successional  teeth  of  carnivorous  type.  He 
explained  the  systematic  importance  of  the  fact. 

Mr.  Lesley,  remarked  that  he  thought  it  had  importance  also  in  the 
transcendental  discussion  of  the  development  theory  ;  since  it  represented 
the  form-force  of  this  individual  creature  as  performing  its  functions  of 
bodily  creation  under  the  inspiration  of  two  form-ideas  or  type -principles 
at  the  same  time  and  not  in  the  succession  of  time.  And  if  this  be  true  of 
an  individual  form-force,  it  supposes  the  same  to  be  true  of  the  form-force 
of  the  world  at  large. 

If  in  a  single  jaw  we  see  the  process  of  realizing  two  distinct  organic 
types  at  the  same  moment — the  alleged  older  type  not  producing  the 
alleged  later  type  by  natunil  generation  ;  nor  even  preparing  for  its  ap- 
pearance on  the  scene — and  if  we  see  the  two  tyi>es  not  separated  by  any 
inter\'al  of  time,  and  not  transcendentally  transmuted  one  into  the  other 
through  intermediate  gnidations  of  type  form — then,  there  is  no  necessity 
for  seeking  any  other  cause  for  such  intervals  or  graduations,  when  ap- 
parent in  the  geological  record,  except  the  intelligence  of  the  universal 
form-force  in  nature,  whatever  that  ma}'  be. 

In  other  words,  no  theory  of  natural  selection  can  be  used  to  account 
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fbr  the  presenceora  wolfa  tooth  beiientli  an  opoWQin's  tootli  in  tiimnt 
Jaw.  The  creative  energy  in  this  caae  ib  neither  governed  by  mcmoi;, 
nor  bj  prcaent  neceasitj  ;  but  is  intelligently  prophetic  of  tVlture  emcffu- 
cies-  A.n(l  that  is  precifiely  oursimpleBt  deflnition  of  ditint proeiinri. 
But  it  Ib  also  ouraimplestdeflnitionaf  pr<ir.tical  inMntfon.  Combining  (he 
two,  we  got  the  view  taken  li;  Hr.  AgaasiE,  iostead  of  the  view  tkteu  bj 
Ur.  Darwin. 

Professor  Cope  exhibited  alsoa  very  interesting  tooth,  whieh 
he  named  Ptilodus  medimvua,  from  the  Lower  Bocene  of  Net 
Mexico. 

The  importance' of  this  discovery  liea  in  the  thcl  that  It  n]n)ishmaIlin(t^ 
mediate  link  belwei^n  the  Phigiaiilaa  oiiiie  Jurannd  tlie  ruceot  AuMnlon 
Hypiiprymaui ;  wliich  two  instani'es  of  the  gencml  tyjie  linvc  bitbcnu  f 
mained  separated  from  each  other  by  th<d  whole  Cretaceous  and  Tcttiaij 
interval. 

Pending  nominalionB,  Noe.  934  to  945  were  read. 
The   expediency   of  printing  certain  commnnicntinnfl  w 
referred  for  confiideration  to  the  Finance  Committee. 
On  motion  of  Mr.  Fraley,  it  was 

Ritolrtd.  That  thi^  Society  must  ea rn est  1j  recommends  the  appoinlnKDi 
of  Mr.  J.  E.  HilgArd,  aa  Buperin  ten  dent  of  the  CooBt  and  Geodetic  Sun  { 
voya  of  the  United  States,  bidieving  hira  to  be  most  eminently  fitted  ft* 
thfl  discbnrge  of  the  dnliea  of  the  otBce,  by  his  long  and  fiiitlilul  Berrin* 
in  conducting  said  surveys,  and  by  his  atill,  ability,  and  full  kaowltdp 
cfftll  that  is  rcqiiired  lo  muke  said  surveys  honorable  to  the  Uovcrnoiesl 
and  UBGfUl  to  the  people. 

Ami  the  meeting  was  adjourned. 


Xotu  (in  tht  Qidnnimonl  Coal  Qroiip  in  Mercer  Co.  o/  We*t  Vftjiaia  ml 

'I'mtaell  (Jo.  iif  Virginia.     By  Jukn  J.  SUvfinvn,  Pri^ctMr  of  Ot^tt 
in  the  Uniternly  of  the  Ctty  of  Nm  Turk. 

iRtad  bffan  the  Ameriettn,  PhiUfopMftil  Sofitty,   Oct.  T.  ISf!.) 

Bluesionc  ci-Pek.  faniiPd  at  the  easterly  edge  ofTazcwell  connty.  Vircnit. 
by  the  union  of  Lutirol  and  Mud  forka,  tlnws  acri^is  Mercer  and  Sumnf* 
countieH  of  West  Virginia  to  the  New  river,  which  it  reachm  at  ■*■"" 
four  miles  south  from  Kintim.  n  station  on  the  Chesapeake  anil  Ohio  nil- 
road.  It  receives  tributaries  from  the  north,  known  as  Little  BlitislnDt. 
M./(iii(»in.  t'.iiiiji,  W.'ii'.  Wide  ll.iiilh,  FJipp.iii  and  Simmon- cm  1[~.  TW 
tir»t  lour  of  these  rise  in  an  elfvatcd  ridge,  known  as  Flat  Tofi,  ■lii'"'' 


1881.]  ^^^  [Stevenson. 

separates  the  waters  of  Bluestone  from  those  of  the  Guyandot.  But 
beyond  the  head  of  Wolf  creek,  the  streams  rise  in  a  narrow  ridge,  from 
whose  opposite  side  flow  those  streams  which  form  the  Tug  fork  of  Sandy 
river.  This  is  a  mere  knife-edge,  so  narrow  at  times  as  barely  to  afford 
room  for  the  country  road,  which  follows  its  crest. 

The  surface  features  of  the  region  on  both  sides  of  Bluestone  and  beyond 
the  divide  westward  are  due  wholly  to  erosion.  The  carving  is  stupendous. 
Standing  on  any  of  the  high  points  of  Flat  Top  mountain  and  looking  into 
Mercer  county  on  the  one  side  or  into  McDowell  and  Wyoming  on  the  other, 
one  can  compare  the  surface  only  to  that  of  an  ocean  petrified  at  the  height 
of  a  terrible  storm.  But  this  comparison  fails.  Narrow  ridges,  rising  to 
a  height  of  900  to  1400  feet,  separate  equally  narrow  valleys,  in  which  flow 
rapid  streams,  carrying  much  water  during  a  great  part  of  the  year.  The 
slopes  of  these  ridges  are  abrupt,  sometimes  reaching  35^,  and  are  covered 
by  a  dense  forest  of  white  oak  and  poplar  (tulip-tree). 

The  whole  region  is  known  as  "Flat  Top."  All  the  summits  between 
Flat  Top  mountain  and  Peters  mountain  have  been  planed  off  to  a  rudely 
level  surface,  a  condition  wholly  independent  of  the  dip,  which  north 
from  Bluestone  varies  from  7^  to  a  mere  fraction  of  a  degree.  Beautifully 
perfect  benches  were  seen  at  from  400  to  900  feet  above  Bluestone  creek, 
in  the  ridges  separating  tributaries  to  that  stream,  while  still  higher 
benches  were  observed  on  Flat  Top  mountain.  But  as  no  spirit-level 
determinations  were  at  hand  along  Bluestone,  no  notes  were  taken  respect- 
ing the  relations  of  these  benches. 

The  influence  of  the  Abb's  Valley  fault  ♦  is  shown  along  the  line  of 
Bluestone,  for  there  the  dips  are  well  marked,  whereas  as  one  goes  north- 
ward from  that  stream,  they  become  insignificant. 

Along  the  New  river  at  Hinton,  a  fine-grained,  grit-like  sandstone 
occurs,  which  belongs  to  the  Mountain  Limestone  division  of  the  Lower 
Carboniferous.  It  forms  a  cliff  at  numerous  localities  on  the  Chesapeake 
and  Ohio  railroad,  both  above  and  below  Hinton,  and  can  be  traced  along 
New  river  to  the  mouth  of  Bluestone,  as  well  as  up  that  stream  to  the 
mouth  of  Little  Bluestone.  Higher  members  of  the  group  appear  as  one 
ascends  the  stream,  and  the  Quinnimont  coal  group  is  reached  before  one 
comes  to  the  junction  of  Laurel  and  Mud  creeks,  in  Tazewell  county  of 
Virginia.  The  top  of  this  group  is  not  caught  within  the  region  visited, 
which  extends  only  to  four  miles  above  the  mouth  of  Laurel  creek. 

A  section  was  obtained  on  Laurel  creek,  which  does  not  reach  the 
bottom  of  the  Quinnimont  group,  but  it  embnices  all  of  the  important 
beds  of  the  series.     It  is  as  follows  : 

1.  Concealed 70' 

2.  Sandstone 10' 

3.  Drab  Shale 20' 

4.  Purdue  Coal  bed 2' 

5.  Sandstone 20' 

•  Described  by  Prof.  J.  P.  Lesley,  Proc.  Amor.  Phil.  8oc  ,  1872. 
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6.  Concealed 45' 

7.  Sandstone 10' 

8.  Shale 0' 5" 

9.  St.   Clair  Coal  bf.d 3' 

10.  Samlslone 55' 

11.  Jieed  Goalbed 3' 

13.  SandBtone «' 

13.  Tabor  Coal  bed 8' 

14.  Bsndstone 80' 

15.  Coal  Branch  Coal  bid »' 

18.  Sandstone TO* 

17,  Nfhon  Coalbtd 11' 

18.  SanilBtoneand  Shale tUf 

1».  Oocaied l'«" 

20.  Bh&le  Mid  BandBtoDfl W 

SI.  Ooiahed 1' 

22.  Sandrtone 38* 

28,  Ooalbed BhMnn. 

The  section  begins  In  McDowell  county  of  West  Virginia,  on  the  dW* 
sepanting  Blnestone  fh)m  Tug  fork  of  Bandy  river.  It  waa  obtained  bf 
examinations  along  Coal  brejich,  SIubb'  branch  and  Haiuea'  Cabin  biudi. 
all  entering  Laurel  creek,  as  well  as  upon  the  Taxewell  and  HcDonll 
road  and  along  Laurel  creek  itself.  Laurel  creek  flows  almost  eMtwtrd 
and  the  head  »f  If  aines'  Cabin  branch  is  at  7  miles  from  the  mouth  of  Uw 
creek.  The  top  of  the  section  wns  reached  at  the  bend  of  Haioes'  Cibi" 
brtiDchandof  oiieforkorCoalbnitich,  Tbt-  hiu;lic!il  beils  are  qoI  fhoitn. 
no  coal  blassom  appfars  in  the  ploiiglicd  (ield.i  and  ouly  fiagniffnis  iif 
shale  and  annilstoiie  are  found  In  the  debris  covering  ihoin. 

Tlie  blossom  of  llie  Purdue  conl  bed  was  seen  on  the  Tazewell  anJ 
McDowell  road,  very  near  the  line  between  these  counties,  Ii  was  fullf 
exposed  near  the  same  roiidin  making  an  excavation  for  a  spring  hi>uie"D 
tbePurdueproperty,  where  it  is  wiid  to  be  4  feet  thick,  but  the  exiiosureipin- 
sipiiiilcant  now.  A  very  goiid  exposure  was  found  near  the  head  of  Mt 
fork  of  Coal  brancli.  al  a  waterhig  Irougli  on  W.  L.  Reed's  land,  iftiw 
very  nearly  2  fi'et  of  coal  are  sliown  The  bid  ia  said  to  be  4  fwi  iliiitu 
an  adjacent  hollow  but  an  cvpoaure  neir  llr  Reed's  hoiisu  indi- 
cates a  thickness  of  not  mora  than  r>  mdits  The  same  bed  w^  wd 
near  the  Reed  stbool  houst  on  anothir  fork  of  Coal  branch,  unii  i' 
Mr.  J.  Bailey's  house  at  tht  lie  id  of  Hunts  nbia  branch.  It  is  unio- 
porlant  ut  all  the  cxpo^iures  ob-^rved  Tiic  rocks  o\erlying  it  areshu*" 
only  on  W.  L.  Ried  s  propert\  The  ma-isin  land'ttonc,  Xo.  5,  is  [ersi^i 
ent  and  everywhere  marks  the  place  of  liie  Purdue  eoal  bed.  It  i*  •'" 
shown  at  ninny  places  on  both  sides  of  the  divide. 

The  interval  Itelween  Iho  iViv/w  and  St.  Cl-'irroaHxiU  varies  from:"" 
80  feet,  the  former  liaving  been  found  on  Haines' Cabin  brancli.  and  iltlii- 
ter  on  Coal  branch.    The  e.viiosurc  is  not  complete  al  any  locality  vistinl 
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and  the  character  or  the  rocks  fllllug  tbe  tntcircil,  No.  6,  was  not  ascei- 

Tbc  31.  Clair  coal  bed  was  seen  on  Coal  bmncli,  Haines'  Cabin  branch 
and  near  llio  huud  ur  SIusb'  brencli.  but  no  tuM  exposure  of  tbe  bod  was 
(bund.  It  wiu  oiiunctl  at  one  Lime  on  tbe  J.  Bailey  [ireperty  near  the  lieod 
of  Uaincs'  Cabin  branch,  where  it  ia  said  to  have  somewhat  more  thun  4 
feet  of  ooiil :  but  the  oiieaing  1b  wholly  filled  up  and  only  a  few  fragments 
of  ooal  remain  to  show  its  place.  Distinct  blossoms  were  seen  at  many 
places  Dear  the  diridc.  but  none  of  them  Indicates  a  thiclinesa  of  more  than 
18  inches.  On  the  Si,  Clair  property  near  Coal  branch,  the  bod  was  fully 
(ixposed  in  an  excavation  for  a  sprlag-hnuso  and  the  thickness  is  said  to  ho 

5  feet.    But  only  19  inches  were  exposed  at  the  Time  of  examination , 
The  interval  between  the  St.  Clair  and  lUed  eoal  bedt  is  feirly  well  ex- 

poseil  on  a  stream  lending  from  the  8t.  Clair  house  to  Coal  branch,  and 
contains  tittle  aside  ^m  sandstone,  which  varies  from  massive  to  more 
or  less  Quggy. 

The  Jtt»d  eoal  btd  was  found  only  on  the  waters  of  Bluss'  branch  and 
on  the  Taxeweli  and  McDowell  rcmd.  Its  place  is  concealed  at  all  ntlicr 
localities  examined.  The  first  exposure  is  on  W.  L.  Reed's  property  on  a 
Ibrkof  SluBs'  branch,  where  15  indies  of  coal  arc  sliownin  thestreambod, 
roofed  by  10  uichea  of  shale,  underlying  sandstone.  The  coal  is  prismatic 
in  Bttuelure,  rather  soft,  and  contains  a  good  deal  of  pyrites.  An  expo- 
anreon  the  same  property,  but  on  another  fork  of  the  stream,  shows  3  feet 

6  inches  of  coal,  separated  from  the  underlying  sandstone  by  u  few  inches 
of  clay.  The  blossom  of  the  bed  is  shown  on  the  Tazewell  and  McDowell 
rond,  which  crosses  it  at  barely  a  mile  from  the  Nelson  coal-pit. 

No  continuous  eiinsure  of  the  interval  to  the  Tabor  eoal  bed  was  founti, 
hut  the  whole  of  it  was  seen.  It  is  occnpied  by  sandstone  almost  iin- 
broken  by  shale.  The  rock  is  comparatively  flae-grained  and  shows  no 
pebbles. 

The  JWjor  foal  bed  was  seen  only  on  Sluss'  branch,  its  horizon  being 
Couceal(?d  at  all  oilier  localities  examined.  Tbe  exposures  on  Slusa'  creek 
are  imperfect,  there  being  no  opening  in  the  bud.  It  was  opened  at  onetime 
on  Mr.  Tabor's  property,  but  the  opening  has  fiillen  in  and  only  1  foot  of 
cool  is  shown.  For  6  inches  on  top  It  is  hard  and  bony,  hut  below  tliat, 
the  coal  ns  far  as  seen  is  good.  The  snme  bed  is  exposed  on  another  fork 
of  SluBs'  branch,  on  W.  L.  Reed's  proiwrty,  whore  8  feel  of  good  coal 

The  Coal  Brunch  eoal  brd  is  liest  shown  on  Coal  branch  at  n  few  yards 
below  the  St.  Clair  crossing,  but  it  is  evidently  Ihe  bed  which  was  once 
opened  <>n  Elkanah  Reed's  property  at  tlie  head  of  one  fork  of  that  branch ; 
it  mas  opened  at  one  time  in  the  bins'  overlooking  Laurel  creek  abovo 
Mr.  Kelson's  house,  and  Its  blossom  is  fairly  shown  in  the  TaKowell  and 
UcDowcIl  rood,  at  a  little  way  from  Laurel  creek.  Six  feel  of  coal  are 
Ntpoeed  by  a  little  run  emptying  into  ConI  branch  near  the  8t.  Clair 
"    re  4  feet  of  slinie  aeiMtrate  llic  coal  from  llie  overlying  sand- 
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fltone.  feet  the  coni  Is  son  and  cleftn.  tiut  below  tlint  is  one  footer 

hard  coal  which  seems  to  bo  quite  bony.  A  blossom  in  Ihe  bank  of  the 
etrcBtn,  and  1.1  feet  above  the  water's  edge,  was  stripped  off  and  showed 
about  9  feet  of  coal,  but  the  character  and  structure  of  tlie  bed  could  dm 
be  nererlained.  Samples  for  analysis  -were  taken  from  the  exposure  in  ll» 
run,  an  effort  being  made  lo  obtain  a  section  of  the  5  feet  there  ahova. 
As  analyzed  by  Hr,  A.  B.  McCreath,  the  coal  has  : 

Water 1.2M 

Volatile  ccmbuslible  matter 21,435 

FLted  carbon T4.603 

Sulphur 0-4S5 

Ash 2.302 

It  is  a  coking  coal,  altogether  too  soft  for  shipphig.  Tho  coke  should  lie 
of  exceptional  purity,  but  the  amount  of  volatile  mntter  is  so  small  u  to 
make  the  strength  somewhat  doubtful.  No  full  exposure  of  this  bed  nt 
seeo  on  Laurel  creek,  but  at  the  old  opening  near  Nelson's,  on  tliat  creek, 
the  thickness  is  said  lo  be  about  B  feet.  The  bod  is  nearly  90  feel  aboTO 
Laurel  creek  at  the  month  of  Coal  branch. 

The  interval  between  the  Coal  hraiieh  and  XeUon  coal  beds  is  occapleit 
by  a  more  or  le<i9  flaggy  sandaloae  which  forms  bold  clilfs  along  Laurel 
creek  and  Coal  branch.  It  was  not  followed  above  the  mouth  uf  liul 
branch.  The  upper  bed  rests  almost  directly  on  this  sandstone  and  onlj  • 
few  feet  of  shale  seimrale  tho  cliff  from  the  lower  bed. 

The  Nelson  coal  bed  is  reached  on  the  Tazewell  and  McDowell  road  u 
one  approaches  Laurel  creek.  There,  at  say  one  mile  above  the  moulb  uf 
Laurel  creek.  Mr.  Nelson  has  made  an  opening  whicii  has  been  ))ust]C(l 
to  about  2.5  feet.  The  working  does  not  lake  in  the  whole  bed,  and  the  el- 
posurc  at  the  mouth  of  the  pit  is  such  as  to  render  measurement  difficult. 
As  nearly  as  could  be  made  out,  the  structure  of  tlie  bed  is  as  follows : 

1.   Coal 5'    4" 

3.  Bone 0'    2" 

3.  Coal 0'    6" 

4.  Bone 0'    2" 

5.  Coal 2' 10" 

6.  Clay 0'    «" 

7.  Coal 1'    0" 

10'    6" 

Nos.  6  and  7  were  not  seen  in  detail,  and  the  thicknesses  are  given  ac- 
cording to  Mr.  Nelson's  statement,  these  parts  of  thetted  having  been  well 
exposed  at  an  opening  which  he  had  abandoned. 

Tho  total  thickness  of  the  mined  portion  is  at>out  7  feel,  but  there  would 
be  no  diiBculty  in  taking  out  fully  8  feet,  as  only  a  thin  slab  of  coal  need 
be  left  to  strengthen  the  roof  Of  the  jmrt  above  No.  G,  the  whole,  except- 
ing the  two  layers  of  bone,  is  good,  the  coal  between  these  being  nearly 
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equal  to  that  of  Nos.  1  and  5.  The  main  body,  No.  1,  is  brilliant,  but 
shows  many  binders  of  mineral  charcoal  and  an  occasional  pocket  of  the 
same  material.  No.  5  is  not  so  brilliant  as  No.  1.  The  coal  throughout 
the  bed  is  prismatic  and  very  soft,  altogether  too  tender  for  chipping,  but 
it  cokes  very  readily.  Samples  from  Nos.  1  and  5  were  sent  to  Mr.  A.  B. 
HeCreath  for  analysis.     He  reports  the  composition  as  follows : 

Water 0.820 

Volatile  combustible  matter 20.580 

Fixed  carbon 76.182 

Sulphur 0. 388 

Ash 2.030 

The  only  defect  of  the  coal  in  No.  3,  is  that  it  contains  some  sulphur. 
This  coal  should  yield  a  remarkably  pure  coke,  though  one  not  able  to 
bear  the  burden  of  a  high  stack. 

No  other  opening  was  seen  along  Laurel  creek,  but  the  bed  can  be  fol- 
lowed without  difficulty  by  means  of  the  overlying  sandstone  down 
Laurel  creek,  and  thence  along  Bluestone,  but  no  estimate  respecting  it 
can  be  made  from  the  imperfect  exposures.  An  opening  was  worked  at 
one  time  on  Laurel  creek  above  Nelson's,  but  it  has  been  abandoned. 
There  the  total  thickness  is  said  to  be  about  11  feet.  By  means  of  the  over- 
lying sandstone,  the  bed  was  followed  up  the  creek  to  the  mouth  of  Coal 
branch,  above  which  it  soon  goes  under  the  stream,  which  in  passing  over 
it  forms  rapids,  whereby  the  thickness  is  made  to  appear  very  great.  The 
coal  is  shown  for  a  short  distance  up  Coal  branch. 

Only  the  blossom  of  Coal  bed.  No.  19,  was  seen.  It  has  been  ploughed 
up  on  Mr.  Nelson's  farm,  and  found  to  be  1  foot  6  inches  thick.  Its 
blossom  is  shown  in  a  run  entering  at  a  little  way  above  Nelson's  house. 
It  was  not  seen  elsewhere.  No.  21  is  in  the  spring  near  the  house,  its  only 
exposure  as  far  as  seen.  No.  23  was  not  observed.  It  is  said  to  be  present 
in  the  bed  of  Laurel  creek  at  about  300  yards  below  Nelson's  house. 

The  dip  is  nearly  2  degrees  at  Nelson's  pit,  but  soon  becomes  very 
gentle  as  one  recedes  from  the  influence  of  the  Abb's  Valley  fault.  Along 
Laurel  creek  the  dip  is  insigniflcant. 

On  Simmons'  creek,  Mr.  George  Belcher  has  opened  a  coal  bed  at  two 
places.     The  following  measurement  was  made  on  his  property  : 

1.  St  Clair  coal  bed Blossom. 

2.  Sandstone 20' 

3.  Concealed 50' 

4.  Sandstone 35' 

5.  Tdb<fr  eoal  bed 4' 

'So.  1  IS  exposed  imperfectly  in  the  road  near  Mr.  Belcher's  house,  but 
it  has  been  ploughed  up  in  an  adjoiming  field,  where  its  thickness  is  said  to 
be  somewhat  more  than  1  foot.  The  Purdue  coal  bed  has  been  ploughed 
up  near  Mr.  Belcher's  barn,  but  its  thickness  was  not  ascertained.  No  ex- 


posiire  nccuTS  in  llie  inti^rval  Nn.  3,  in  which  the  Uted  eoal  bed  bcloo^. 
At  the  upper  opening  in  No.  S.  the  bed  Is  now  csjfoaed  to  a  thicknens  of 
S  feet  6  Inches,  but  it  Is  said  to  bs  3  feet  6  inches.  The  coal  is  harder  than 
that  of  any  bed  fully  seen  on  I.aarel  creek,  but  It  is  broken  by  many  Ibin 
partings  or  binderE.  moslly  of  mineral  charcoal.  Sulphur  is  present  in  tbn 
top  10  Inches,  but  below  that  the  quantity  is  inaigniflcant,  and  the  conl  is 
&u  excellent  fuel.  The  bod  is  four  feet  thick  at  the  oilier  opening,  and  the 
bollom  seems  not  to  have  been  rciichcd.  A  large  bed,  probably  Ilic 
IfeUon,  is  said  to  be  exiMsed  at  eome  distance  l\irther  down  the  creek,  hut 
it  was  not  examined. 

A  section  was  worked  out  liastily  on  Ctimp  creek,  beginning  at  the  crest 
of  Flat-top  mountain.     It  is  as  follows  ; 

1.  Concealed 60' 

2.  Ferruginous  sandstone 0'  10" 

3.  Concealed S7' 

4.  Yellow  sandy  shale 6' 

0.    Coal  bed. Blossom. 

6.  Clay I' 

7.  Yellow  sandy  shale 31' 

8.  Faraaetoalbedf 1'    8" 

0.  Clay  and  variegated  shale IS' 

10.  Sandstone 30' 

11.  Concealed 65' 

12.  St.  Ctair  eoal  bed  BCQn 1'    8" 

13.  Sandstone 90' 

14.  Shale  with  Tabor  coal  bed 1' 

15.  Sandstone  or  sandy  shale 20' 

IB.  Concciilod,  said  to  contain  a  eoal  bed 30' 

17.  Sandstone  and  some  shale 40' 

18.  A'ehoa  eoal  bed,  seen 3' 

19.  Concealed 10' 


21.  Shale  and  sluily  sandstone 30' 

23.  CiirlHmaceous  shale 0'    3" 

33.  Shale 16' 

34.  Coal  bed Rlossom. 

2H.  Imperfect  exposure 55' 

26.  Sandstone 30' 

27.  Shales  and  sandstone,  imperfectly  exposed 100' 

28.  Sandstone 50' 

39.  Sandstones  and  sliales 400' 

Ending  where  the  Iroil  leading  to  Wolf  creeic  cros-ses  Camp  creek,  at  a 
mile  and  a  half  atiove  its  mouth.  This  gives  very  nearly  600  feet  of  coal- 
hearin;;  strain  on  Camp  creek,  the  rocks  helow  Xo.  36  being  reganled  as 
beIoni;iug  lu  the  Lower  Carboniferous.    No  calculation  for  the  dip  wsa 
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made  and  a  closer  examination  would  doubtless  lead  to  a  moderate  change 
in  the  thickness  of  several  of  the  intervals. 

The  only  coal  beds  which  have  been  opened  are  Nos.  8,  12  and  18,  but 
none  of  these  was  in  sliape  for  measurement  at  the  time  of  examination. 
No.  12  is  exposed  in  the  bed  of  the  run,  and  its  thickness  is  said  to  be 
nearly  3  feet.  The  coal  is  clean,  free  from  pyrites  and  slates,  is  soft  and 
should  yield  a  good  coke.  No.  18  was  mined  for  local  use  at  the  junction 
of  the  forks  of  Camp  creek.  Its  thickness  is  said  to  be  4  feet  2  inches. 
The  coal  is  soft,  clean  and  is  admirably  fitted  for  blacksmiths'  use.  No. 
24  was  once  exposed  near  the  creek  at  half  a  mile  below  Reed's  mill.  The 
thickness  is  said  to  be  3  feet. 

The  following  section  of  the  Lower  Carboniferous  rocks  was  obtained 
in  passing  from  Little  Bluestone  to  Mountain  creek  : 

1.  Conglomerate 20' 

2.  Imperfectly  exposed 110' 

8.  Yellow  shaly  sandstone 45' 

4.  Concealed < 25' 

5.  Gray  to  yellow  shaly  sandstone 80' 

6.  Imperfectly  exposed 85' 

7.  Conglomerate 10' 

8.  Concealed • 225' 

9.  Limestone 3' 

10.  Imperfectly  exposed 370' 

973' 

Exposures  of  dark  red  shales  occur  frequently  in  the  intervals  2,  6  and 
10,  and  No.  10  is  made  up  almost  wholly  of  such  shales.  This  section 
brings  one  to  the  sandstone  which  forms  the  river  blufis  in  the  vicinity  of 
fiinton. 


^oiti  on  the  Goal-field  near  Canon  City,  Colorado,    By  John  J.  Stewnson, 

Prof,  of  Geology  in  the  University  of  New  York, 

{Read  before  the  American  Philosophical  Society ,  October  7, 1881.) 

A  small  area  of  Lammie  rocks  lying  along  the  easterly  foot  of  the 
Oreenhorn  mountains  has  escaped  erosion.  Its  shape  is  irregular  and  its 
l^roadth  varies  from  two  to  five  miles,  being  greatest  at  little  more  than 
midway  north  and  south.     The  total  area  is  not  far  from  70  square  miles. 

This  little  field,  which  has  attained  much  economical  importance,  owing 
to  the  excellence  of  the  coal  from  one  of  the  beds,  is  deeply  trenched  by 
several  streams  which  fiow  across  it  in  canons  with  walls  from  200  to  500 
feet  high.  The  more  important  of  these,  beginning  at  the  north,  are 
Alkali  gap.  Chandler  creek,  Oak  creek,  Coal  creek  and  Newland  creek. 
£xaminations  more  or  less  detailed  were  made  in  all  except  that  of  New 
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Tht  h  5  nImoBt  nodli  and  south.  Tlie  dip  on  llie  eastern  si'ii^  L^ 
gentle,  vtirri  g  from  3  to  II  lie^rees,  entl  Hint  side  of  the  innigii  is  tti- 
longer  one.  Flie  Axis  uf  the  sj'nrlinfil  Is  disiincl,  passing  at  aliouittta 
miles  from  the  eastern  outcrop.  Tlie  dip  quickly  becomes  abrupt  on  tho 
irestem  sEde,  being  first  T,  then  10,  then  IS  and  at  last  40  degrees  irhRN 
the  outcrop  is  first  reached  on  Oak  creek,  but  the  outcrop  lies  fiirlber  irni 
both  north  and  south  from  Oak  creek  and  the  dip  becomes  sharper  and 
ehflrper  ODtil  at  last  the  beds  are  ijerpendiculftr  or  e^en  put^bed  o»er. 

The  following  generulized  section  of  Ilia  Held  was  niiiclE)  oat :  but  as  no 
opportunity  was  afforded  to  revise  the  work,  It  may  be  defective  in  some 
<if  its  details : 

1.  Sandstones,  with  some  thin  shale,   not  ex- 
amined in  delail 400' 

S.  Sandstone,  bulf,  with  occasioitat  pockets  of 

shale 4fi' 

8.  Coalbtiiyi BloMom. 

4.  Shale  and  saudatone 1ft!!' 

5.  Variegated  sliulo 170' 

C.  OMlbed'L 4'    3" 

7.  Slmle 14' 

8.  GaalbedK 0'    fl" 

0.  Sandstone 2R' 

10,  Variegated   shale 30' 

11.  CoaibedJ 1' 

13.  Shale 24' 

13.  Ooalbtdl 8' 

14.  Sandstone 120' 

15.  Shale  and  sandstone 25' 

16.  CoalbedH   i'l'    3"to9" 

17.  Sandstone  and  shale 46' 

18.  Coal  bed  G 1' 10"  to  2' 

19.  Sandstone  and  shale 30' 

20.  Co/ilbedF 4'    6"U>0" 

21.  Rliale II' 

33.  CoatbedY. 1'    8"loS" 

23.  Variegated  shale   30' 

24.  Coal  bed  D I'lO"  tol'3" 

25.  Shate  and  sandstone 25' 

30,  CiwifiedC 4'  6"  to     6" 

ST.  Sandstone  and  shale 50' 

28.  CoalbedB 4'  to      6" 

29.  Shale 30'  to    20' 

30.  CoalbedX 6'  to    10" 

31.  Shale 10' 

33.  Sandstone 70'  to  100' 

Tlic  [same  difficulty  w;is  experienced  here  as  in  the  Trinidad  eoal  jUU, 
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farther  south.  Limestones  are  absent  and  the  sandstones  show  abrupt 
changes  in  composition.  Direct  tracing  around  the  points  of  bluffs  is  not 
always  practicable,  and  identifications  of  coal  beds  in  different  cafions  are 
based  largely  on  the  intervals  found  in  the  typical  section  obtained  on  Oak 
3reek.  As  these  intervals  are  by  no  means  constant,  some  of  the  identifi- 
cations may  prove  to  be  erroneous. 

The  eastern  outcrop  of  the  field  is  well  marked  by  bluffs  and  it  cannot 
be  mistaken,  except  in  the  extreme  northern  part,  where  erosion  has 
carried  away  the  lower  beds  and  the  bluffs  contain  only  the  higher 
members  of  the  series.  Tlie  sharp  hogbacks  in  which  the  beds  are  turned 
lip  at  angles  varying  from  40  to  90  degrees,  mark  the  western  limit  suf- 
ficiently well,  except  in  the  southern  part  of  the  field  where  erosion  has 
beveled  off  the  surface  of  the  mesa.  But  even  there,  exposures  are  found 
i>n  the  larger  streams  which  enable  one  to  follow  out  the  limit  with  but 
little  difficulty. 

Coal  mines  have  been  opened  at  several  localities  along  the  eastern  side  of 
the  trough  and  branch  roads  have  been  constructed  by  the  Atchison,  Topeka 
and  Santa  Fe  and  the  Denver  and  Rio  Grande  railroad  companies,  lead- 
ing to  mines  owned  or  controlled  by  those  companies.  Insignificant  open- 
ings only  were  seen  along  the  western  outcrop,  but  some  pits  on  the 
northern  side  of  the  field  have  been  worked  somewhat  extensively  to  sup- 
ply Canon  City. 

Exposures  are  infrequent  on  the  northern  edge  of  the  field,  where  a 
deep  covering  of  gravel  conceals  all  the  rocks  even  to  the  tops  of  the  hills ; 
while  beyond  the  sharp  ridge  bounding  the  field,  a  basin  has  been  eroded 
and  rocks  are  rarely  seen  in  place.  The  few  openings  seen  afforded  no 
data  for  determining  the  position  of  the  beds  in  which  they  have  been 
made.  A  similar  difficulty  was  encountered  on  the  north-eastern  side  of 
the  basin  where  the  lower  beds  of  the  series  are  buried  under  the  alhivial 
coating  of  the  plain,  and  only  the  higher  beds  are  shown  in  the  bluffs. 
Some  coal  blossoms  and  an  extensive  opening  were  seen  here,  but  their  po- 
sition was  not  determined,  further  than  they  belong  to  the  upper  part  of 
the  section. 

Alkali  Gap.  The  stage-road  leading  from  Canon  City  to  Silver  Cliff 
passes  through  this  gap  at  about  4  miles  from  Caiion  City.  The  exposures 
are  excellent  for  a  distance  of  nearly  400  yards,  but  as  soon  as  one  enters 
the  basin  into  which  the  gap  opens,  all  exposures  cease.  The  following 
section  was  obtained  in  this  gap,  the  thicknesses  of  the  several  beds  being 
determined  by  pacing  and  calculation  from  the  dip  : 

1.  Conglomerate 239' 

3.  Sandstone 168' 

3.  Concealed 40' 

4.  Sandstone 128' 

5.  Shale 3' 

6.  Sandstone 69' 

7.  Concealed 42' 
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n.         Istone fl' 

9.  uonccaled 132' 

10.  Sandstone 10' 

11.  Concealed 13' 

1 3.  Sandstone 6' 

13.  Ooalbed 6' 

14  Sandstone 6' 

in.  Concealed 20' 

17.  Sliale 5' 

18.  Coat  bed 3' 

10.  Imperrectly  exposed,  much  whitish  sandstone. . .  7o' 

20.  Saudatono 10' 

31.  ConcBftled ISO' 

aa.  Citl  bed 3'  2" 

23.  Clay 1' 

34.  Saiidstoae 30' 

With  this  all  expoHures  cease  along  the  line  examined,  but  Mr.  Atei. 
Bowie,  local  superintendent  of  the  coal  mines  at  Roclcvale  on  Oak  creelc, 
states  that  another  bed  of  coal  has  been  seen  by  him  below  the  suodstone. 
Unfortmiately  no  determination  of  the  dislaace  was  made  by  liim. 

The  congiomerate  at  the  to)]  of  the  section  is  very  coarse  and  altogether 
unlike  any  rock  seen  elsewhere  in  the  field.  If  Mr.  Bowie's  obaerraiitmi 
be  acciirftte.  this  rock  is  bij^her  in  the  series  than  any  eiposed  in  the  ivpi 
cal  section  obtained  on  Oak  creek  and  it  has  been  eroded  from  the  nie'as 
in  the  soutliern  part  of  the  field,  from  Chandler  creelv  southward.  The 
sandstonea  down  to  No.  13  are  Bofl,  with  a  yellowish  tint  and  readily  dis- 
integrate when  esposed  to  the  weather.  Thin  beds  of  shale  occur  here 
and  tlicrc  in  the  upper  part,  but  are  not  persistent  and  they  have  been  ig- 
nored in  making  up  the  section. 

The  Coal  bed.  No.  13,  is  exposed  at  the  roadside  as  one  cnt«rs  the  gap 
from  the  west.  Its  dip  isSfl  degrees  at  the  top  of  the  sliaft  and  75  degrees 
at  the  bottom.  No  detailed  measurement  was  made  as  the  shaft  has  been 
abandoned  and  tlie  edge  is  unsafe.  The  bed  shows  five  benches  of  eoal, 
with  a  layer  of  dark  shale  fully  5  inches  thick.  A.  parting  of  sandy  claj, 
nearly  3  inches  Ihicl;,  appears  to  be  persistent.  Coiil  bed.  No.  18,  has  been 
opened  by  a  shaft  probably  20  feel  deep.  The  dip  is  irregular  but  is  some- 
what more  tluin  7.1  degrees.  The  caat  so  far  as  exposed  is  friable  and 
worlhless.  No  bed  was  seen  between  this  and  No.  34.  but  Mr.  Bowie 
states  that  another  bed  exists  in  this  interval  and  that  it  is  shown  at  a  little 
way  f^om  the  line  followed.  It  is  1  foot  7  inches  thick  and  contains  very 
fair  coal.  No.  32  dips  at  85  degrees,  almost  due  east  ;  It  is  in  four  benches, 
separated  by  thin  partings  of  sandy  shale.  It  has  been  opened  by  two 
Bhads,  each  about  20  feet  deep  ;  but  the  coal  as  far  as  seen  \b  badly  broken 
by  exposure  to  the  weather. 

In  the  absence  of  detailed  measurements  below  the  bed.  No.  S2,  one  may 
not  undertake  to  identify  these  beds  with  any  in  the  Oak  creek  seciioD ; 
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bat  it  may  be  that  they  represent  Coal  beds  C,  I  and  L.    The  associations 
of  the  lowest  bed  suggest  reference  of  it  to  bed  C. 

OhandUr  creek.  The  cation  of  this  stream  crosses  the  field  and  affords 
Tery  fair  exposures  of  the  upper  part  of  the  section  ;  but  erosion  has  been 
active  at  both  ends  of  the  canon»  so  that  the  lower  beds  have  been  remov- 
ed and  for  the  most  part  they  are  now  buried  under  gravel  on  the  broad 
elevated  terrace.  A  boring  made  at  the  mouth  of  the  cafion,  at  a 
little  way  east  firom  the  foot  of  the  bluffs,  begins  in  sandstone.  No.  14  of 
the  general  section,  and  continues  to  the  depth  of  301  feet  0  inches.  The 
record  of  the  boring  as  fhmished  by  Mr.  Alex.  Bowie,  is  as  follows  : 

1.  Gravel 30'  6'' 

2.  Sandstone 40' 

3.  Shale 7'  6" 

4.  Sandstone - 1'  4" 

5.  Shale 6' 10" 

6.  Ooalbed 4'  1" 

7.  Hard  sandstone 3'  9" 

8.  Soapstone 52' 

0.  Sandstone 6' 

10.  Soapstone 58'  4" 

11.  Sandstone 5'  4" 

12.  Shale .' 48'  2" 

13.  Coalbed 5'  5" 

14.  Soapstone 8'  9' 

15.  Sandstone 2' 

16.  Soapstone V  4" 

17.  Sandstone 6' 

18.  Sandstone  and  shale 14'  5" 

The  upper  bed  seems  without  doubt  to  be  Coal  bed  II,  though  it  is  much 
thicker  here  than  at  any  other  locality  examined.  The  structure  as 
shown  in  the  boring  is  : 

Coal,  V  3" ;  clay,  11'' ;  coal,  V  11". 

The  lower  bed  is  usually  thought  to  be  the  same  with  Coal  bed  A,  the 
bed  mined  on  Coal  creek  by  the  Colorado  Coal  and  Iron  Company,  but 
the  interval  to  the  upper  coal  is  very  nearly  the  same  with  that  obtained 
between  Coal  beds  H  and  C  on  Oak  creek,  barely  a  mile  away  ;  so  that 
the  lower  bed  is  more  probably  Coal  bed  C,  the  bed  worked  in  shaft  No.  2 
of  the  Cation  Coal  Company.     Its  structure  as  shown  in  the  boring  is  : 

Coal,  3'  4" ;  clay.  11"  ;  coal,  1'  2". 

A  number  of  borings  have  been  made  along  Chandler  creek,  but  the 
records  are  not  accessi1)le.  The  trough  becomes  deep  in  this  canon,  and 
at  the  bottom  of  the  synclinal,  Coal  bed  A  is  fully  800  feet  below  the  sur- 
face. The  walls  of  the  cation  are  low  and  the  canon  itself  is  very  broad, 
especially  near  the  line  of  the  axis.  No  trace  of  the  great  conglom- 
erate of  Alkali  gap  was  observed  here. 
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I  axis  of  the  Byncllnai.  Iho  rocks  riie  rapidly  woBtwunl  «nil  ii 

the  neaa  oi  fe  cailoii  one  13  brtiught  very  neiir  lo  the  horizon  of  Caal  b^i 
B.  An  open  ng  has  been  mnde  in  s  bed  at  a  little  wnj  beyond  the  itaiA 
of  the  cafiott,  but  in  tiie  absence  of  all  exposures  near  at  hand,  the  plara 
of  the  bed  could  not  be  deteriuioed.  The  lowest  sandstone  of  the  gmup 
Is  reached  at  a  short  distajiee  beyond  and  shows  the  same  fetitnres  ae  Ihtno 
to  be  described  on  Oak  creek.  The  middle  Cretaceous  rocks  lie  iinmedialflv 
behind  the  great  sandstone  and  continue  thence  to  the  foot  of  the  mounuln. 
where  the  Dakota  rests  on  the  molamorplilc  rocka.  The  tnn^tioo  from 
the  Coal  group  to  the  Fort  Pierre  is  very  gradual  and  no  line  of  »epar*tion 
can  be  tound. 

OaJe  creek.  The  crLCon  of  this  stream  follows  a  north-easterly  direciiun 
across  the  field  and  aS'ords  by  fnr  the  1)e«t  series  of  exposures.  It  is  fol 
lowed  by  the  Coal  branch  of  the  Atchison,  Topeka  and  Sanla  Fe  railroid 
to  Rockvale,  where  the  CaQon  Coal  Company  has  sunk  the  shart,  No.  1, 
with  the  view  of  working  Coal  bed  A.  he  outcrop  of  that  bed  is  poorlr 
shown  in  this  canon  along  the  o.de  of  the  field,  but  that  of  M 

btd  C  ij9  frequently  exposed.  i.  :i  of  the  Canon  Coal  Coiiiinoj 

opened  this  bed  and  a  Hlopo  is  u  ny  to  reach  the  same  bed  fntthii 

Colorado  Coal  and  Iron  Coinpan"  suction  at  shaft  No.  3,  incluillnf 

the  measurementA  in  the  shaft,  l"  la  : 

1.  Sandstone,  seen  on  the        S IS' 

3.  Shales 10' 

3.  Concealed  to  curl)  of  shaft  as  estimated  from  the 

dip 120' 

4.  Clay  and  grovel  in  shaft 80' 

C.  Sliale  and  tbin  sandstone 81' 

8.   Coaihfd  E I'B" 

7.  Shale  and  thin  sandstones 47'  (i"  1 

8.  Coal  bed  C 4'  6" 

».  Fireclay 0'  5" 

A  coal  blossom,  indicating  a  thickness  of  about  8  inches,  was  seen  B- 
few  rods  east  from  the  shaft.     Allowing  for  the  dip,  this  bed  belongs  a^^ 
the  middle  of  the  gravel  at  the  top  of  the  shaft,  and  is  therefore  Uoat  ^'™ 
G.     Coal  bed  E  contains  very  good  coal,   but  as  it  is  not  of  workaf ' 
thickness,  no  tests  have  been  made  to  determine  its  value.     Coal  bed  Cf 
mined  in  the  shaft  where  its  structure  is 

Coal.  2'  2"  ;  clay,  2"  :  eoal.  V  0"  to  3'  2". 

An  outcrop  on  the  opposite  side  of  tht;  valley  shows  the  bed  3  feet  lOinch^^ 
thick,  as  reported  by  tiie  local  superintendent  of  the  com[>any,  and  theC"^ 
the  parting  is  present  also.  But  lower  down  the  stream  the  bed  become 
very  tUin  and  at  several  exposures  it  is  insignificant.  In  the  shaft  t- 
yields  an  excellent  coal,  which  is  hard,  must  be  blasted  but  comes  out  it^ 
large  blocks.  The  underlying  fireclay  aids  much  in  mining,  but  it  is  sof'*' 
and  is  likely  to  be  a  source  of  annoyance  in  tlie  immediate  vicinity  of  tb^^ 
shaft.     Tlie  dip  is  a  little  south  of  west  at  5  degrees. 
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The  sandstone,  No.  1  of  the  section,  caps  the  bluff  directly  north  from 
the  shaft  and  is  easily  followed  to  Rockvale,  where  it  is  alongside  of  the 
railroad.  The  Cafion  City  Coal  Company's  shaft  No.  1  begins  in  this  rock. 
A  boring  was  made  in  creek  bottom  at  about  500  feet  from  the  shaft  and  it 
begins  in  this  rock,  though  somewhat  higher  than  the  top  of  the  shaft. 
The  record  of  the  boring  is 


1.  Sandstone 

82' 

2.  Shale 

17' 

3.   W  hite  sandstone 

V 

3" 

4.  Coal  hedM 

0' 

9" 

5.  Sandstone 

10' 

3" 

6.  Soft  shale 

4' 

7.  Sandv  shale 

31' 

4" 

8.   Coal  hedOc 

V 

4" 

9.  Sandstone,  hard 

15' 

5" 

10.  Argillaceous  shale 

11.  Sandv  shale 

3' 

18' 

8" 

12.  Coal  hedlSt 

0' 

6" 

13.  Sandstones  and  shales  in  thin  beds 

14.  Black  shale 

52' 

5' 

8" 
4" 

15.  Sandstone 

2' 

16.   Coal  bed  G 

0' 

8" 

17.  Sandstone  and  shale 

3' 

7" 

18.  Black  shale 

21' 

3" 

10.  Sandstones  and  shales 

20.   Coal  bed  B 

20' 

0' 

10" 
0" 

21.  Black  shale 

22' 

1" 

22.   Coal  bed  A. 

3' 

4" 

23.  Arenaceous  shale 

9' 

7" 

24.  Black  shale 

5' 

25.  Sandstone  and  sandy  shale 

5' 

1" 

Total 

341' 

6" 

Thf!  company's  shaft  at  the  time  of  examination  was  down  220  feet .  Coal 
beds  G  and  H  are  thicker  in  the  shaft  than  in  the  boring,  the  former  being  1 
foot  2  inches  and  the  latter  1  foot  10  inches.  The  great  sandstone.  No.  1  of  the 
section,  is  nearly  120  feet  thick.  It  varies  somewhat  in  structure,  as  is 
Teell  shown  in  the  railroad  cut  at  Rockvale.  In  the  boring  it  seems  to  be 
a  compact  sandstone  throughout  and  it  shows  a  similar  structure  in  the 
shaft,  but  in  the  railroad  cut,  only  a  few  yards  from  the  shaft  it  becomes 
shaly  toward  the  middle,  there  being  not  less  than  29  feet  of  shale  exposed 
in  the  cut.  The  rock  is  mostly  massive,  soft  and  reddish-yellow  to  buff 
and  bluish  gray.  It  contains  vast  numbers  of  Halymenites  major^  of  which 
excellent  specimens  can  be  obtained  at  Rockvale.  This  fossil  is  most 
abondant  in  the  upper  part  of  the  rock. 
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liii  nmcdtstelj  north  fVom  the  Hhaft  at  Rockiale  affords  goud  ei' 

posoT^a  „.  ^..(i  uverlying  beds.     The  section  oblained  on  this  btufl  k  u 
follow  a ; 

1.  Sandstone 30' 

This  is  buff,  sotl,  weathering  with  honofcombed 
Burfikte,  but  contains  a  liurd  reddish  band,  oulj  a 
fen  incbca  thick. 

3.  Sandstone 43' 

Very  like  the  last,  but  conlaining  some  shale, 
which  decreases  westward  until  both  aandatonea 
are  practically  one. 

3.  Coal  bed  }A BlosBOin, 

This  may  be  only  a  carbonaceoufi  sluile. 

4.  Shales  and  sandstone Gl' 

Where  the  section  was  taken  this  seems  to  be 
almost  wlioily  variegated  shale,  but  wiihin  50 
yards  it  has  a  bed  of  ma«»ive  sandstone,  buff  or 
yellow,  sotl  and  covered  with  a  thin  band  of 
liord  red  sandstone. 

6.  Sandstone 8' 

Yellow,  where  examined,  more  or  less  ferrugin- 
ous, with  Hmall  nodules  of  cnrbooale  of  iron  ;  at 
B  little  distance  iiirther  up  Ihc  creek,  it  becomes 
buff  like  the  higher  beds  and  weathers  into 
rounded  bosses.  Tliis  is  a  marked  and  persistent 
bed,  which  remains  above  the  surface  to  the  bot- 
tom of  the  synclinal  at  the  forks  of  the  creek.  It 
has  on  top  a  thin  bed  of  flaggy  red  saudslone, 
which  is  very  hard. 

6.  Shale 87' 

Variegated,  with  some  thin  beds  of  sandstone,  1' 
to  3'  thick,  which  are  more  or  less  argillaceous  ; 
here  and  there  is  a  band  of  carbonaceous  shale  ; 
possibly  some  coal  may  belong  in  this  interval 
but  none  was  recognized. 

7.  Sandstone *. 0' 

Very  like  No.  5. 

8.  Shales 186' 

Varicgatcil ;  for  the  most  part  well  exposed,  but 
the  exposure  is  incomplete  toward  the  bn.se, 
where  two  black  streaks  were  seen,  the  blossoms 
of  Coil  be(U  K  and  L.  This  mass  is  persistent. 
It  passes  hetow  the  surface  before  the  synclinal 
axis  is  reached,  hut  re-appears  on  the  west  side  in 
in  (he  blulTat  the  head  of  Oak  creek  cafion. 

9.  Sandstone 25' 

Hardly  differing  in  general  features  from  No.  5. 
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10.  Variegated  shales 80' 

11.  Coal  bed  i 0' 10' 

Represented  only  by  carbonaceous  shale,  where 
the  section  was  measured  ;  but  it  has  been  open- 
ed elsewhere  on  the  bluff,  with  a  thickness  of  1'. 

12.  Shale W 

At  the  base  of  this  is  a  very  fHable  sandstone, 
almost  white,  which  is  persistent. 

13.  Concealed 25' 

This  is  calculated  from  the  dip  as  the  interval  be- 
tween the  base  of  No.  12  and  the  top  of  the  sand- 
stone in  which  the  shaft  begins.  Exposures  in 
the  vicinity  indicate  that  this  is  occupied  in  part 
at  least  by  shales  at  the  base  of  which  is  Coal  bed 
I.    That  bed  is  not  exposed  here. 

This  bfufi  is  continuous  to  the  caflon  of  Chandler  creek,  and  the  same 
section  is  exposed  at  the  mouth  of  that  canon.  The  sandstones  of  the  sec- 
tion are  all  light  yellow  or  buff,  and  almost  without  exception  have  a  band 
of  hard  red  flaggy  sandstone  as  the  top  layer.  Search  was  made  in  all 
these  red  beds,  but  no  fossils  were  found  aside  from  the  llalymenites,  and 
that  has  its  upper  limit  in  the  great  sandstone  at  the  top  of  the  shaft.  Oc- 
casional impressions  of  fossil  dicotyledonous  leaves  were  seen,  and  a  fine 
8ai>al  has  been  brought  out  of  the  shaft  No.  1.  The  dip  here  is  somewhat 
more  than  3  degrees  and  almost  due  west. 

South  Oak  creek  enters  the  main  stream  at  Rockvale  and  flows  north- 
wardly. The  great  sandstone  with  Halymeniies  continues  in  sight  along 
this  stream  for  nearly  two  miles.  At  the  first  fork  of  the  stream  the  top 
of  that  rock  is  reached,  and  there  Coal  bed  I  is  well  exposed,  with  the  fol- 
low^ing  structure : 

1.  Coal   8J" 

2.  Clay , i"to    1" 

3.  Coal 9i" 

4.  Sandy  clay 1"    to  1  J" 

5.  Coa^y  shale 2"    to    4" 

6.  Coal 11"    to  13" 

Total 2' 11" 

The  coal  is  evidently  poor  throughout.  The  bed  is  overlaid  with  shales 
succeeded  by  the  friable  white  sandstone  seen  near  Rockvale.  Streaks  of 
coal  are  shown  in  the  shale  at  a  little  way  further  up  the  creek.  At  say  a 
mile  further  up  the  main  stream  its  ca&on  and  that  of  a  gulch  leading  into 
Bluff  Spring  park,  a  tributary  to  Coal  creek,  come  very  closely  together. 
There  the  shales,  No.  8  of  the  Rockvale  bluff,  are  reached,  but  no  expo- 
sure of  Coal  beds  K  and  L  was  found. 

Following  up  Oak  creek  above  Rockvale,  one  sees  the  rocks  descending, 
until  the  sandstone,  No.  5  of  the  liockvale  section,  is  the  lowest  bed  ex- 
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]  the  line  or  the  synclinEil  axis  a  cafion  opens  trom  the  narth, 

at  wiiDsL-  ii<:nd  is  B.  fioe  cxpoaufc  of  tlic  higher  bods.  But  there  va  no 
opponunily  to  examine  Ihii!  in  detail,  and  the  thickness  of  the  beds  oier- 
lying  tiie  Rockvale  section  was  estimated  at  400  feet.  They  are  chiefly 
bufi  sandBlones,  with  comparatively  thin  beds  orshale,  which  vary  grently 
in  thickness  and  may  be  regarded  only  as  partings  of  the  sandslone.  No 
traces  at  coal  have  been  observed  in  these  higher  beds.  The  synclhiil 
axis  crosses  Oak  creek  very  near  the  forks  of  the  Btream. 

A  boriog  wiis  made  some  lime  ago  by  the  Colorado  Coal  and  Iron  Com- 
pany on  IJak  creek,  at  a  little  way  below  the  crossing  of  the  syDelianl. 
The  curb  of  the  boring  ia  but  a  tew  feet  under  raodstune,  No.  Ti  odlie 
Rockvalo  section,  and  Goal  bed  A.  was  readied  at  571  feet.  The  rcmrd  vt 
the  boring  ia  not  accessible  and  the  depth  is  giveu  according  to  indiieci 
information. 

The  section  lo  Coal  bed  H  is  ebown  Id  the  bluff  at  the  head  of  Oak  creeli 
cafion.  and  that  eoal  bed  was  opent  e  years  ago.  by  Mr.  Nelson,  juit 

south  from  the  canon  ;   but  the  i  g  was  abandoned,    owing  lo  in- 

feriority of  the  coal.    The  condil  he  pit  when  visited  «'as  not  sudi 

as  to  BlTord  exact  measurement.  e  bed  is  said  Ui  be  0  fi-et  3  InebM 
thicic,  with  a  aliaie  parting  near  t  lie.     Drab  slmlos  overlie  ii,  ^po' 

rating  it  ftom  the  light  gray  S!  uhove  which,  at  a  few  feet,  is  Uib 

great  jctluw  sandstone.     Wl  ,    mined,  the  coal  is  said  W  limk 

well,  hut  after  short  expusur.  :s.     The  dip  at  this  pit  is  eastwun!  at 

nearly  4Li  degrees. 

At  nearly  a  mile  further  south  along  (he  bluff.  Coal  bed  I  was  seen  above 
the  yellow  sands  lone,  showing  : 

Coal 1" 

Clay 1' 

Goal 1'2" 

But  the  crop  coal  is  very  poor.  Higher  up  on  the  hill-side.  Coal  btd  E  w** 
seen  S  inches  thick,  while  at  a  few  feet  higher  is  Coat  bed  L,  showing ; 

Coal 2'  8" 

Clay 6" 

Coal 1'3" 

The  bed  makes  a  formidable  blossom,  but  the  exposure  does  not  suffl.*^ 
to  indicalc  the  quality  of  the  coal.  The  great  mass  of  shale.  No.  8  oft**' 
Rockvale  section,  contains  much  friable  sandstone  here,  which  breafc^^^ 
down  even  more  readily  tlian  the  soft  clay  shales  seen  further  down  tt*^ 
the  creek.  The  sandstone,  No.  5  of  that  section,  is  persistent  here  and  ^^ 
easily  recognized,  though  it  is  somewhat  harder  than  at  Rockvale.  ^ 

The  outcrop  of  Coat  bed  A  is  shown  in  a  low  ridge  west  from  the  Ne^^ 
son  opening,  and  the  rond  leading  lo  Mr,  Bishop's  ranch  passes  over  i^^ 
The  exposure  is  imperfect  here  and  the  bed  is  much  better  shown  at  a  lit;--^^^ 
lie  way  further  north,  where  il  was  opened  by  Mr.  Bassick  near  the  ston^^ 
cabin.    This  opening  was  abandoned  because  the  abrupt  dip,  more  Iha^' 
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40  degrees,  made  raising  the  coal  by  liorse-power  too  difficult  for  profits 
The  crushed  outcrop  at  this  pit  shows  a  thickness  of  nearly  20  inclies,  but 
the  bed  is  said  to  show  3  feet  of  good  coal  at  the  end  of  the  slope.  The 
overlying  shale  is  thin  and  is  covered  by  a  yellow  sandstone. 

A  low  mound  rises  in  the  park  between  this  ridge  and  the  bluff.  A 
coal  blossom  was  seen  here,  but  its  place  was  not  determined,  though  the 
bed  is  probably  C.     The  blossom  indicates  not  much  coal. 

Followed  southward  the  yellow  sandstone  associated  with  Coal  bed  A  is 
seen  forming  a  sharp  low  ridge,  which  continues  southward  to  the  head  of 
Oak  creek,  where  it  is  lost  in  the  mesa.  At  the  head  of  Oak  creek  caiion 
a  park  intervenes  between  the  bluff  and  the  sandstone  ridge  ;  but  south- 
ward the  park  becomes  narrow  and  at  length  the  mesa  and  the  low  ridge 
are  united.  An  exposure  on  Mr.  Bishop*s  ranch,  near  the  point  of  union, 
shows  the  following  section  : 

1.  Coal  bed  a 0'    7" 

2.  Shale  and  some  sandstone 22' 

3.  CoalbedB'i 0'    2" 

4.  Shale 36' 

5.  Coal  bed  A 3'  10" 

6.  Shales,  sandy,  not  fully  exposed 15' 

7.  Deep  yellow  sandstone,  estimated 100' 

The  identification  of  the  smaller  coals  is  only  provisional,  there  being 
no  other  detailed  measurements  on  this  side  of  the  field  for  comparison. 
The  coal  of  bed  A  appears  to  be  by  no  means  bad  and  the  crop  coal  has  a 
bright  fracture.  The  dip  is  vertical  here  and  the  bed  can  be  followed 
easily  from  this  place  to  where  it  passes  into  the  mesa. 

The  sandstone  below  the  coal  is  the  lowest  bed  of  the  Coal  group. 
Tlie  upper  part  is  hard  sandstone,  honeycombed  with  films  of  quartz,  and 
holds  thin  beds  or  pockets  of  conglomerate  in  which  the  pebbles  vary  in 
size  from  buckwheat  to  pea.  The  color  varies  from  cream  to  deep  reddish 
yellow,  and  in  most  respects  the  rock  is  an  almost  exact  duplicate  of  the 
Dakota  sandstone,  which  is  exposed  within  a  short  distance  at  the  foot  of 
the  Greenhorn  mountains.  The  lower  part  of  the  mass  becomes  more  or 
less  shaly,  and  at  length  passes  into  a  series  of  dull  reddish  shales,  somewhat 
sandy  but  mostly  argillaceous,  and  showing  little  structure.  These  in 
their  turn  pass  almost  imperceptibly  into  the  Fort  Pierre  shales,  whi(;h  are 
well  exposed  at  the  head  of  Oak  creek,  where  they  hold  the  customary 
.septaria  and  abundance  of  selenite.  The  thickness  of  the  dull  beds  below 
the  sandstone  was  not  measured  on  Oak  creek,  but  it  appears  to  be  not  far 
from  100  feet. 

The  Niobrara  and  Fort  Benton  groups  are  fairly  well  shown  at  the  head 
of  the  creek  and  as  far  down  as  Mr.  Bishop's  ranch  ;  but  no  effort  was 
made  to  determine  their  thickness.  The  Dakota  is  exposed  on  a  tributary 
of  Oak  creek,  where  it  is  said  to  contain  a  thin  bed  of  fairly  good  coal. 
This  has  been  opened  and  the  whole  space  underlaid  by  the  Dakota  has 
been  taken  up  as  coal  land.    The  guide  was  unable  to  find  the  opening, 
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but  there  seems  to  be  no  doubt  that  it  ckIsIh  anil  tbat  tlie  coat  u  ihrn. 
'^he  upper  member  of  the  Dakota  shows  llie  us<ial  features,  but  Ilie  lowai 
lember  is  a  coarse  ponglomernte,  10  or  15  feet  thick,  wliich  ia  made  npof 
I'sgmeols  of  the  coame  ^oeissoid  gmoilc  on  nhich  it  resla.  Tlicse  fnf- 
nenis  bare  Hulfered  little  from  water,  and  llie  conglomprate  can  he  diiAiii 

ished  onij'  witli  difficulty  [him  the  underljlng  granite. 

No  exposures  occur  on  the  meaa  between  Oak  creek  and  South  Otk 
reek,  atiide  fhim  frugmenlaiy  exiiibltions  of  saodstones.  wtiirh  hanlr 
ulBce  to  indicate  tlie  dip.  and  give  no  infonnation  respecting  the  sue»*- 
sion  of  tlie  beds. 

Coot  Creek. — Coal  creek  is  followed  liy  a  branch  of  the  Deni-er  and  Bio 
Grande  railroad,  leading  to  the  mines  of  the  Colorado  Codl  and  Imn  Com 
pany.  One  branch  of  the  stream  flows  northward  along  the  cnstem  nljt 
of  the  flKld,  wliile  sevcrui  tributaries  How  to  it  from  the  west,  each  «l 
which  has  eroded  acaCiun,  exposing  a  large  part  of  the  section.  Eianjiiis- 
tions  were  made  along  several  of  tlie  streams. 

At  the  mines  of  the  Colorado  Coal  and  Iron  Conipanj,  on  ConI  cnA, 
the  following  exposure  waa  found  : 

1.  CoalbedC (V    8" 

2.  Bhale  and  Bftodstone 50' 

8.  OoalbedB (K  10" 

4.  Shale SC 

C.  CoiilUdk C   2" 

And  the  dip  Is  N.  31P  W.  mng. 

Coal  hei  C,  the  same  with  that  mined  In  siiafl  No.  3  of  the  Cafinn  Ciir 
■Coal  Company,  on  Oak  creelt.  is  re|)rcsenlcd  here  only  liy  a  little  carlfoju 
ceous  shale.  Cital  bed  B  is  well  shown  on  the  face  of  the  Wuff.  and  de- 
scends wilh  the  road  from  the  lop  of  the  hill.  Coul  bed  A  Is  mined  eiien- 
sively  and  yields  a  superior  roul,  whicii  is  used  In  the  railroad  enginessnil 
Is  shipped  lar^ly  to  be  used  as  fuel  at  Denver  and  other  cities  of  Colorado 
The  bed  shows  the  following  structure  at  tlic  mouth  of  the  sIojm;  : 

Conl 1' 

Clay '," 

Coal 4'    -.'■ 

At  half  a  mile  furliier  up  tills  branch  of  Coal  creek,  the  same  bed  i^ 
mined  by  the  Grand  CaDon  Coal  Company.  The  bed  was  not  measuirJ 
'here,  but  the  thickness  is  reported  by  the  President  to  be  3  feet  C  inche*. 
and  the  quality  is  regarded  as  equal  to  that  of  coal  from  (he  oihet  mint 
Only  the  lower  division  of  the  bed  Is  present  in  the  slope.  The  upjuT 
division  is  merely  a  "rider"  coal,  and  the  Interval  tictween  It  aod  ibt 
main  body  varies  from  zero  lo  11  feet ;  the  latter  Interval  being  setn  »i 
fhe  Caasidy  slope,  while  the  two  divisions  arc  in  contact  at  many  placw 
in  the  Colorado  Company's  uiae.  Tiic  rider  is  distinctly  shown  ia  iht 
gulch  at  the  Cassidy  s1oj>e. 
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Following  up  the  gulch  for  half  a  mile,  the  following  section  was  ob- 
tained : 

1.  Sandstone 15' 

2.  Shale 2' 

3.  CoalbedQ 0'    6" 

4.  Shale  and  thin  sandstone 15' 

5.  Sandstone 5' 

6.  Black  shale 8' 

7.  CoalbedF 4'    6" 

8.  Bluish  shale 11' 

9.  CoalbedTil V    S" 

10.  Variegated  shale 28' 

11.  CoalbedD V    3" 

12.  Shale  and  thin  sandstone 25' 

13.  Coal  bed  C Blossom. 

14.  Sandstone  and  shale,  estimated 45' 

15.  CoalbedB 1'    2" 

16.  Shale 16' 

17.  Bider  coal  bed 0'  10" 

Coal  bed  B  is  shown  on  the  low  hill  alongside  of  the  road,  at  a  few  rods 
above  the  trestle  ;  it  seems  to  be  hard  and  fairly  clean  coal.  The  upper 
part  of  the  interval.  No.  14,  is  occupied  by  a  massive,  soft,  yellow^ish 
white  sandstone,  which  is  about  20  feet  thick.  Coal  bed  C  is  represented 
by  carbonaceous  shale,  which  was  followed  up  the  gulch  to  where  it  passes 
under  the  surface.  The  interval  between  it  and  Coal  bed  D  was  estimated. 
The  rest  of  the  section  was  obtained  on  a  projecting  point  opposite  a  gap 
in  the  hill,  lying  between  the  road  and  the  gulch.  Coal  bed  D  is  shown 
on  both  sides  of  the  stream,  but  is  thicker  on  the  southerly  side,  where  it 
shows  22  inches  of  coaL 

Coal  bed  F  appears  on  the  bluflf,  where  its  blossom  measures  4  feet  6 
inches,  but  a  good  exposure  occurs  at  a  few  yards  further  up  the  gulch, 
which  exhibits  the  structure  of  the  bed  in  detail  as  follows  : 

Coal 0'  6" 

Parting 

Coal 1'  7" 

Clay 0'  2" 

Coal 0'  9'^ 

The  coal  is  sulphurous  and  dirty,  so  that  it  is  of  little  value.  The  over- 
1  jing  shale  is  fissile  and  very  black.  Coal  bed  G  is  exposed  under  the  edge 
of  the  sandstone  which  caps  the  bluff.  This  rock  is  reddish-yellow, 
mostly  massive  and  occurs  in  cliffs.  The  thickness  appears  to  be  up- 
wards of  40  feet,  hut  exiMMures  further  south  show  that  Coal  bed  H  belongs 
at  but  a  little  way  above  Coal  bed  G,  and  the  thickness  of  the  lower  sand- 
stone is  not  more  than  15  feet.    The  rock  above  Coal  bed  H  is  the  one  form- 
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ing  the  top  of  Ibe  metin,  and  its  cliff  Is  slioivn  nt  a  lillle  wny  back  fromllii' 
top  of  the  bltiff  overbanging  this  guich. 

Crossing  liio  narrow  ilividu  tu  BlutT  Spring  park,  one  piLHic«  atn 
>,be  great  sandstone  In  doscunding  to  the  jiark.  The  epring  Lieiiea  rnim 
ilniost  directly  undcrneHtb  the  (landstoae,  No.  1  of  die  1i>st  section,  bm 
Cinl  ii»d  O  Is  not  exposed.  Tbu  sdodslone  overlying  Coal  &r.rfPoup«i 
lillle  munnd  in  Ibe  i>ark,  nnd  thai  coal  bed  has  been  exposed  llien-  witii  i 
thicknCBB  of  3  feet  6  inches.  The  overlying  shnles  arc  not  Iilacic,  the  of' 
bonnceuUB  niutler  having  disappcHred.  The  road  leading  from  Bluff 
Springs  park  to  the  Shaw  guli^h  pnsses  under  b  bluff,  immediately  hcrond 
the  park,  where  Coal  bedi  £  and  F  are  exposed.  "Hie  liUtnr  is  but  I  foul  <i 
inches  lliick,  but  the  former  i^Iiows : 

Coal,  8"  ;  clay,  4"  ;  toil,  V. 

The  coal  is  very  poor.  The  shale  above  Coal  bed  F  is  brown  and  yrlli™. 
carbonaceous  matter  being  wholly  absent.  No  prospecting  has  lieen  dnn^ 
ill  Bluff  Spring  park  below  the  line  of  the  wagon  road,  and  Coal  fcrJA 
1ms  not  been  recognized. 

The  massive  yellow  sandstone  overlying  Coal  bed  H  Is  easily  fi>l1o«'«<] 
flcro!iS  tbe  tow  divide  separating  Bluff  Spring  park  Iront  the  Sliaw  gulch. 
In  this  short  gnfch,  the  Canon  Coal  Company  hare  mined  CiwI  W 
F.  known  as  the  Shaic  co/il.  The  coal  has  been  hauled  4  miles  In  nuguiK. 
to  be  shipped  ut  Itockvnie.  It  uuderliea  a  Ihin  gray  sti  nil  stone  siul  tlic 
shales  intervening  arc  lead-colored.  The  structure  of  the  bed  as  shairn 
in  tlie  mine  is  : 

Coal 0'  7" 


Piirliiig 

CiMit 1'  4  ' 

TIlc  thickness  in  this  luinc  varies  little  from  40  incbc?.  Tbe  r-wlU 
good  and  lias  been  used  e\Iensively  on  the  engines  of  rhe  Alclii-nn. 
T'tjieku  and  S:inlu  Vi  railroad  ;  Iiut  llic  engineer-i  think  it  inferior  to  oal 
from  bed  A. 

Co-il  bed  <i  is  fi)niKl  here  at  22  feel  almve  F  and  is  InsigniScnnt.  C-il  ^'i 
n  is  very  Ihin  and  but  17  feet  above  (i.  The  Great  sandstone  forms  a  Md 
cliff  here  ond,  aeconling  to  Mr.  Bowie's  measurement,  it  is  7."i  feei  tliirt. 
thus  sliowing  a  decided  diminution  In  Ihieknc^s  soulhwanl.  IWI'i'll 
rests  on  tlio  sundslone  ami.  where  explored  iuiuied lately  norlh  from  ilic 
Shaw  guleti,  Is  33  incites  thick. 

The  next  gulch  souUtward  is  lliat  known  as  Bailey's  gulch.  It  is  \atv\r 
half  a  mile  from  the  Shaw  giilcb  and  affords  a  p'ood  exbibiiion  of  die 
measures.  Tbe  following  section  was  measured  (here  by  Mr.  Bowie,  nli'-' 
has  kindly  given  me  the  use  of  liis  record  : 

1.  Black  shale 3' 

3.  Colli  bed  K! , 3' 
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3.  Shale 0'  6" 

4.  Gray  sandstone 10'  6" 

5.  Black  shale 1 ' 

6.  Coal  divided  midway  by  shale,  1",  J 2'  5" 

7.  Shale  and  gray  sandstone 18'  3" 

8.  Coalhedl 0'  3" 

9.  Shale V 

10.  Gray  sandstone 13'    6" 

11.  Yellow  sandstone 60' 

12.  Shale V 

13.  Coalbedn 0'    6" 

14.  Shale 1'    6" 

15.  Gray  sandstone 15' 

16.  Coal  bed  Q 1'    6" 

17.  Shale 1' 

18.  Gray  sandstone 7' 

19.  Black  shale 14' 

20.  CoalbedF 3'    4" 

21.  Shale 7'    9" 

22.  Sandstone 4'    6" 

23  Shale 8'    6" 

24.  Coal  bed  E 1'    6" 

25.  Shale 38'    3" 

26.  CoalbedD 3' 

27.  Interval 61' 

28.  CoalbedB 4' 

29.  Argillaceous  shale 30' 

30.  CoaibedA 0' 10" 

31.  Shale 0' 10" 

32.  Argillaceous  sandstone 14'    6" 

33.  Yellow  sandstone 150' 

The  lettering  of  the  coal  beds  is  in  accordance  with  the  generalized  sec- 
tion. Coal  bed  C  is  not  given  in  this  section  ;  it  is  exposed  at  the  point  of 
the  bluff  between  Bailey  and  Shaw  gulches  at  33  feet  above  Coal  bed  B. 
An  imperfect  exposure  made  with  the  hammer  showed  2  feet  of  coal,  but 
neither  the  top  nor  the  bottom  of  the  bed  was  reached. 

Coal  bed  G  varies  from  2  inches  to  18  inches.  Coal  bed  F  is  well  shown 
in  the  bed  of  the  gulch,  where  the  structure  is  clearly  the  same  as  in  Shaw 
gulch.  Coal  bed  E  is  imperfectly  exposed  in  the  stream  bed  ;  but  Coal  bed 
D  is  well  shown  in  the  side  of  the  gulch  where  it  has  been  prospected. 
Coal  bed  B  has  been  opened  at  the  end  of  the  bluff  where  the  thickness  is 
as  given.  CoOl  bed  A  is  utterly  insignificant  here,  being  but  10  inches  in 
Mr.  Bowie's  section  and  14  inches  where  seen  in  the  gulch  by  the  writer. 

The  great  sandstone  at  the  base  of  the  section  is  reached  just  east  from 
the  mouth  of  the  gulch.  It  has  the  same  characteristics  everywhere  along 
the  east  face  of  the  field.    The  thickness  as  given  by  Mr.  Bowie  Ib  per- 


tmpfl  tlie  exlremc,  for  Ihc  mass  is  not  invarlnbly  a  compact  ekndBloae.  hui 

'"n  shows  great  beds  or  sandy  sliale,  eomctimcB  eren  clajr  Bhalp.  Qif 

lie  merging  into  the  claj'  beds  or  beds  of  passage  to  the  Fori  Picnr 

^'trUind  Cretk.    Thia  is  tlie  neit  slresm  souilin'snl  and  makes  ■  cnSiin 
Llie  whole  of  the  fieM.     But  do  ilctsiled  exnminations  were  mtdf 
■  c.    A  difliinct  thougli  gmdual  rise  of  tlie  whole  bnain  southward  c»r- 
out  tlie  highest  members  of  the  aeries  before  Nuwlanjl  creek  is  reached, 
t  almost  midway  in  the  basin,  the  great  sandstone  nlLhiZa^ym^KiVfii* 
:  lop  of  tlio  mesa.    The  measures  above  that  sandatone  are  probahtr 
.101  more  than  150  feet  thick  and  no  exposures  were  found  to  yield  a  sec- 
tion.   Mr.  Bowie's  obscrrations  along  the  eastern  face  of  the  field  at  isil 
beyond  Ncwland  creek  show  that  the  eotU  bedt  become  thicker  than  ibfj 
are  further  north,  as  indeed  is  suggested  by  the  section  in  Bailey's  guldi, 
A  lliick  bed  ia  worked  on  a  tributary  to  Ncwland  creek,  which  Mr.  Boitit 
thinks  Is  eqiiiTalent  to  the  Shaw  conl.    Tho  section  of  the  bed  us  given  bj 

Coal ]'8" 

Clay VV 

Coal V 

Shale V  2" 

Coal 1' 

Rblatiokb  of  this  field. 

Careful  search  was  made  everj'where  for  fossil  remains,  bnt  nothing  wa' 
found  aside  from  the  fueoid,  Ilalymeniles  major,  and  some  palm  leavfs. 
Salymeiiiteg  occurs  abundantly  in  the  sandstone  overlying  Cunl  brd  H. 
and  a  few  specimens  were  observed  in  the  sandstone  at  the  base  of  iIk' 
series,  which  was  examined  at  but  two  loealilies.  The  palm  leaves  werr 
obtained  in  the  liockvitlc  shafl,  at  fully  one  hundred  feel  below  ('hi'  ("■' 
H.  The  thickness  of  measures  included  between  the  upper  and  loaer 
limits  of  the  fueoid  is  more  than  four  hundred  feet. 

This  distribution  of  the  fueoid  is  of  no  lillle  interest.  The  writer*  Iwi 
shown  that  along  the  South  Platte  river,  north  from  Denver,  llalj/minilii 
occurs  throughout  a  great  mass  of  sandstone,  where  it  is  associated  viih 
forms  proving  the  rock  to  belong  to  the  Fox  Hills  group  of  the  1.'pi>eT 
Crataeeous.     Dicotyledonous  leaves  occur  there  in  the  same  sandslonc. 

In  the  Trinidad  coal-field  of  southern  Colorado  and  northern  Xi't 
Mexico,  the  wrilerf  recognized  a  persistent  sandstone,  GO  to  80  feet  lliick, 
a-,  marking  the  Imse  of  Laramie  group.  This  sandstone,  which  occaf^ioc- 
ally  holds  a  coal  bed,  contains  IlnlgmenUet  major  in  profusion,  while  thai 
fossil  occurs  neither  above  nor  below  this  horizon.  At  one  locality,  the 
Ihc  sandstone  contains  a  C<iriUutn-\\\iii  mollusk,  but  (he  specimens  obtain- 
ed are  too  inditfercnt  for  specilic  det c mi i nation. 

ivil,  p.  STO. 
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Along  Galisteo  creek,  in  central  New  Mexico,  as  well  as  on  the  Rio 
Grande,  100  miles  fUrther  south,  the  writer  has  sought  in  vain  for  speci- 
mens of  the  HdlymenileB,  both  in  1879  and  1881.  The  fhcoid  seems  to 
be  wholly  wanting  in  the  Laramie  area  of  central  New  Mexico. 

Comparing  the  distribution  at  the  several  localities  mentioned,  we  liave 
as  the  vertical  extent  of  the  fucoid  : 

In  northern  Colorado,  along  South  Platte 700'+ 

In  central  Colorado,  Cafion  City  field 400' 

In  southern  Colo,  and  northern  N.  M.,  Trinidad  field.     80' 
In  central  New  Mexico,  Galisteo  creek  and  Rio  Grande.      0' 

Halymenites  major,  along  the  eastern  foot  of  the  Rocky  mountains,  is  as 
thoroughly  diagnostic  of  the  Fox  Hills  group  a  Arthrophyeu9  harlani  is  of 
the  Medina  sandstone  in  the  Appalachian  region.  The  Halymenites 
sandstone  of  the  Trinidad  field,  the  lower  400  feet,  of  the  Cafion  City 
column,  and  the  enormous  mass  of  sandstone  on  the  South  Platte,  below 
St.  Train's  creek,  are  equivalent  and  represent  the  Fox  Hills  group,  as  gen- 
erally accepted.  Coal  occurs  in  them  all,  but  most  abundantly  in  the 
Cafion  City  area.  It  should  not  be  forgotten,  however,  that  the  South 
Platte  locality  is  at  70  miles  from  the  mountains.  When  the  section  has 
been  made  from  the  mountains  to  that  locality,  not  a  little  of  the  produc- 
tive coal  series  will  be  found  represented  on  the  Platte  by  this  sandstone 
group. 

The  Fox  Hills  group,  as  generally  accepted,  thins  out  southward  and 
finally  disappears  before  reaching  central  New  Mexico. 


Staled  Meeting^  October  21,  1881, 
Present,  15  members. 
President,  Frederick  Fralet,  in  the  Chair. 

Mr.  Aubrey  H.  Smith  presented  his  photograph  for  the 
album. 

Letters  ot  envoy  were  received  from  the  Second  Geological 
Survey  of  Pena<?ylvania,  the  Johas  Hopkins  University,  and 
the  Geological  Survey  of  the  United  States. 

Donations  to  the  Library  were  recoived  from  the  Gazette 
Hongroise;  J.  M.  Schary's  heirs,  Prag;  Royal  Institute, 
Venice ;  Revue  Politique ;  Royal  Academy,  Brussels ;  Nature  ; 
Essex  Institute;  S.  H.  Scudder;  Board  of  Education,  Provi- 
dence, R.  I. ;  Wesleyan  University ;  Silliman's  Journal ;  New 
York  Academy  of  Science ;  Franklin  Institute ;  Medical  Jour- 
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1        na        vs ;  E.  D.  Coi« ;  H.  Pliiltips,  Jr. ;  Geological  Suncy 

rtf  I     "         mia  ;  American  Journal  of  Matbematics:  V.  S. 

urvep;  Commismonerp  of  Etlucation;  J.  IIolcli- 

Itisfl ;  A.  W.  Williamson,  and  tlie  Geological  Survey  of  Canada. 

The  deposit  of  the  late  Prof.  J.  F.  Frazer's  portrait  in  the 
Hall  of  the  Society,  by  his  son  Prof.  Persifor  Frazer,  during 
his  abseuee  in  Europe,  was  on  motion  ordered  to  be  pla<:ed  on 
the  minutes. 

Mr.  Patterson  accepted  by  letter  his  appointment.  (See  last 
meeting.) 

The  following  letter  was  read  i 
"7b  tht  Seeretary  ofth*  Amrriean  PTtiloiophieal  8acUty. 

Db.vr  Bib  ;— In  reply  to  your  inquiry  tiniltT  date  of  ihe  IfJlli  tn*UDl,  H 
nmy  be  brieQy  suited  tbal  Cartile  Pollock  I'ftttcrBon  nas  bom  nt  SlJeldi- 
boro.  Bay  St.  Louis,  MUBi«8il>pi,  August  24,  1810.  He  was  appointeil  uiid- 
shipinan  in  the  ITniUnl  States  Navy  tn  1830,  scrred  in  the  Medjltrraneu 
Squadron,  and  la  1830  rolumed  home,  and  graduated  tb.ini  G»irgctu«n  Col- 
lege, Cenlacky,  in  183S.  Havingiiervcdaa  iiMsedmidsliipinanon  ilicC(B<r 
Survey  until  1841,  lio  was  again  on  naval  eea  servicu  until  1844.  and  sub- 
sequently as  lieutenant  United  States  Navy,  had  charge  of  a  hydrographic 
parly  on  tlic  Coast  Survey  for  four  years.  In  1850  he  took  command  of  a 
Pacilic  ui:iil  stennislii|>.  and  continued  hi  tluil  nnd  other  prit  uic  liiii^ini^' 
iinlil  18(11.  lie  then  returned  to  the  Coiisl  Purvey  ><■*  Ins|H'c'tor  of  Tlyiln. 
Srapli;-.  anil  so  remained  until  he  wns  apiioinlcil  Sii]MTintciiili'nt  cif  ill' 
work  ill  I''i-lini:iry,  IHT4.  JHs  th-alh  toi*  place  h1  "  Brentwood,"  bis  n'ri 
deuce  near  Washington,  on  Mondiiy,  Augnst  15th,  18HI. 

Yours  respect  hilly, 

J.  K.  Hri,f:ARD. 
Ill  ehiirge  of  Cimst  and  Gtodilit  Surrig. 

The  death  cif  Dr.  R.  H.  Co;i1&«,  the  oldest  siirvivinfi  iiiouiVt 
of  the  Stieiety,  on  llic  18th  iii.«tant,  aged  83  yoai-s  and  U 
months,  was  rc-porteil. 

On  motion,  l>r.  ]{iisi.'hcnlx!rrrer  wus  apjioiiitcd  to  prepare  an 
obituary  nutice  of  the  dci.-ea^ed. 

Prof.  Ilaupt  cxhil)itcd  fragmcnls  of  term  cotta  from  the 
Xorlhcrn  Pacific  Railroad  cri)s.MTig  of  the  Little  Mis.-^uri 
river,  prfHlucod  by  the  spontaneous  combii.stion  of  the  I.igiiiti' 
Iwds  l>etween  the  c-lay-bcds  of  the  bad  lands,  nnd  cxtcns.vclv 
cinph>ycd  for  ballasting  the  railroad.    Al?o  specimens  of  silici- 
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fied  wood,  one  of  which  may  possess  archirological  value,  show- 
ing as  it  does  two  distinct  cuts  with  an  axe ;  but  Prof.  Cope 
expressed  the  opinion  that  the  chips  had  been  made  in  tlie 
already  silicified  wood,  which  is  soft  enough  to  cut.  At  pres- 
ent the  locality  is  high  rolling  ground  destitute  of  springs,  and 
showing  no  marks  of  volcanic  action.  Most  of  the  standing 
stumps  have  diameters  varying  from  one  to  two  feet,  but  one 
of  them  measures  nine  feet. 

A  beautiful  reduced  contour  map  [in  MS.]  of  the  Bald  Eagle 
mountain  and  Birmingham  hills  in  Blair  and  Huntingdon 
counties,  Pennsylvania,  was  exhibited  by  Mr.  Lesley.  It  rep- 
resents a  recent  survey  for  geological  purposes  made  by  Messrs. 
E.  B.  and  0.  B.  Harden,  Topographical  Assistants  on  the  State 
Survey.  The  peculiar  form  of  the  mountain  range  made 
visible  by  this  survey  will  probably  afford  the  long  desired  ex- 
planation of  the  structural  character  of  the  great  faulted  anti- 
clinal of  Sinking  valley. 

"Notes  on  a  possible  Adite  element  in  the  early  history  of 
Egypt,"  were  read,  in  part,  by  Mr.  Lesley ;  the  reading  of  the 
remainder  was  postponed  to  another  meeting. 

Pending  nominations  Nos.  934  to  945  were  read,  and  with 
the  exception  of  nomination,  No.  935  (on  motion  postponed) 
were  balloted  for. 

A  special  report  of  the  Finance  Committee  on  the  subject 
referred  to  it  at  the  last  meeting  was  read  and  adopted. 

Respecting  certain  uninvested  funds,  the  Committee  on 
Finance  received  power  to  act. 

Mr.  Fraley  reported  that  he  had  received  and  i)aid  over  to 
the  Treasurer  the  quarterly  rent  from  the  Michaux  Legacy, 
due  October  1st,  amounting  to  $131.18. 

The  following  new  members  were  declared  duly  elected: 

Henry  H.  Gorringe,  Lieutenant-Commander  U.  S.  N. 
Jedediah  Hotchkiss,  Esq.,  Stanton,  Va. 
Charles  C.  Jones,  Jr.,  Es(^.,  Augusta,  Georgia. 
John  Evans,  Esq.,  F.R.S.     Nash  Mills,  Hemel-Hempstead, 
England,  President  of   the  Anthropological  Society. 
Philip  Price  Sharpless,  Esq.,  West  Chester,  Pennsylvania. 
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Ch&x.eB  A.  McCall,  M.D.,  3941  Cliestnut  Street,  PliiiadeiphiL 

C.  L,  (olittle,  Professor  of  Mathematias  and  AMronomj", 
Lehigli  I    iversitj,  Bctlalclieiii,  Pennsylvania. 

Mansllt  1  Merriraaii,  Profcseor  of  Ci\-il  Engineering,  LebJ^ 
Universi     ,  Pennsjlvaaia, 

Eev.  ^^.  Renard,  Soc.  Jes.,  Director  of  the  Miis4j  ^^°P^ 
B  niseis. 

J.  B,  Stallo,  Esq.,  Cincinnati,  Ohio, 

Wm,  E.  Gladstone,  Primt  ister  of  England. 

And  the  meeting  was  adjouri    1. 


Tfie  Brain  of  tht  Oat,  Felii  daiatttica.  I.  Preliminary  AtMunl  tf  di 
GroM  AimUmg.  With  four  platet.  By  Burt  G.  WOOtr.  M.D..  Pr^imi 
of  Coraparalite  Anatomy,  etc.,  in  Cornell  UnUertUy,  and  of  nfiiJtg 
in  the  Mfdital  School  of  Maine.  Meinber  of  iKe  Am.  SmiTotogieal  Jmt- 
datum,  elt. 

{Bead  Ufort  tlM  American  Fhaoaphieal  SotUty,  Jtily  15,  mt.) 

Tliis  paper  is  in  four  parla  : — A.  Introduction.  B.  The  niskcnwcnpic TO- 
cabularj  nt  the  brain.  C.  List  of  points  to  be  eiucidated.  D.  Ej^Ii- 
nation  of  the  plates. 

A.  INTRODUCTION. 
Tlie  present  paper  is  the  first  of  a  series  of  contributions  to  ihe  lionirl- 
edgc  of  Ibe  lirain  of  the  domestic  cal.  A  second — A  Detcriplion  ^  tU 
Cerebral  Fiiturti,  together  with  ihtir  Synonymy — him  been  neMrlj"  read;  (or 
a  year,  and  a  brief  preliminary  abstract  ofit  has  been  published  (Wilder  Jl},* 
but  it  will  more  properly  follow  the  present  general  account  of  the  eo^ 

The  lille  of  llic  scrips  is  made  comprehensive  in  order  that  thesubjtrt 
may  be  discussed  from  any  point  of  view,     I  hope,  Iherefore,  that  othtn 

*TIi[b  number  rofers  to  the  list  at  tho  end  of  thlti  paper.  In  tbat  lilt.  >M 
nniiieB  nSKbs  aiUhort  are  placed  In  alphabftlcal  ortUr.  The  titles  at trpnrau  vrf 
ate  rlealKoatca  by  Icium.  anil  their  orJerbna  noBlgntOcaDce^  The  llIInof|>afn 
are  numherea.  In  tlic  oase  of  papers  publlanecl  bctweoii  ISUO  and  ISra,  thf  nux- 
berii  carrertpond  to  Oinxu  Jn  the  chronuloglLuil  "CkUilii^ui.-iif  Scl<-nliilc  l*s(Kr>, 
piibllshed  by  llie  Royal  Society  of  London.  In  otlier  caaea  tbe  nurabeit  •« 
only  provisional,  and  are  prlntud  In  ItnJlcs. 

The  references  are  made  as  follows:  the  name  of  the  autbor  Is  glv*n  flret,  un- 
less the  author  has  been  Indicated  already;  then  follows  the  letter  or  iheanD- 
bcr  by  which  the  title  at  the  work  or  paper  Is  designated  upon  the  lid :  1' ' 
Roman  niimern)  li  given  It  denotes  the  nnmber  of  the  volume;  and  Ibfla^ 
number  Is  that  of  the  page.  Ttie  syBtem  of  raferencea  to  a  List  wasfollowrt 
by  me  In  IiC*>,  In  the  pnper  entitled  InLermembral  HoraologleafWI.aDdbaibwn 
since  adopted  by  others. 
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may  be  led  to  treat  certain  topics  according  to  tlie  special  opportunities 
which  they  may  enjoy,  and  that  thus,  eventually,  there  may  be  available 
for  workers  in  Human,  Veterinary  and  Comparative  Anatomy,  a  com- 
plete account  of  the  Gross  Anatomy,  the  Histology,  the  Development,  the 
Functions,  and  the  Taxonomic  Relations  of  the  brain  of  a  common 
mammal. 

Tliat  the  domestic  cat  is  not  only  common  in  most  civilized  lands,  but 
otherwise  well  adapted  to  serve  as  the  basis  for  work  upon  other  forms,  in- 
cluding man,  has  been  urged  by  Straus-Durckheim  (A.  pp.  xiv  and  54), 
H.  S.  Williams  (A,  iii),  Mivart  (B,  ix),  and  the  writer  {2). 

Subsequent  experience  has  abundantly  confirmed  the  views  expressed  in 
the  paper  last  named,  and  has  even  removed  my  previous  somewhat 
unfavorable  impression  respecting  the  availability  of  the  cat  for  physi- 
ological experimentation.* 

That  the  idea  of  employing  the  cat  as  an  introduction  to  the  study  of 
other  forms  is  neither  original  nor  of  recent  adoption,  may  be  seen  from 
the  work  of  Straus-Durcklieim,  and  from  the  following  passages  in  my 
papers : — 

"Nearly  twenty  years  agof,  the  late  Professor  Jeffries  Wyman,  in 
commenting  upon  the  unsatisfactory  nature  of  some  notes  of  dissections, 
said  :  'Much  of  this  is  due  to  the  lack  of  suitable  standards  for  compari- 
son. The  human  body  is  not  a  suitable  standard  for  the  lower  vertebrates. 
The  best  thing  any  anatomist  can  do  is  to  prepare  complete  accounts  of 
the  structure  of  a  few  forms,  each  typical  of  some  large  gn)up.  The 
fowl  could  represent  the  birds,  and  "the  cat  the  mammals.  The  cat's 
anatomy  should  be  done  first,  because  it  would  serve  as  an  introduction  to 
human  anatomy,  and  thus  become  an  important  aid  to  medical  educa- 
tion.'"   Wilder,  ^,5. 

Eight  years  ago,  in  a  paper  (11)  upon  the  outer  cerebral  fissures  of  certain 
mammals,  I  ofifered  the  following  suggestion  :— 

"But  before  any  final  work  can  be  done  in  respect  to  fissures,  we  need 
a  complete  account  of  the  brain  of  some  one  mammal,  giving  its  appear- 
ance from  all  sides,  sections  and  dissections  of  all  parts,  and  demonstra- 
tions of  the^relations  which  may  exist  between  the  fissural  pattern  and  the 
internal  structure ;  then  a  full  series  of  figures  representing  all  the  stages 
of  development,  both  of  the  brain  as  a  whole,  and  of  its  parts.  On  some 
accounts  the  fox  would  be  the  most  useful  species,  but  as  it  is  not  to  be 
had  in  large  numbers,  and  as  dogs  are  ineligible  as  a  standard,  from  the 
breed  diflferences  as  well  as  from  the  usual  complexity  of  the  fissural 
pattern,  we  shall  probably  find  the  cat  most  available  for  the  purpose. 
Such  a  work  would  form  a  fitting  continuation  of  Straus- Durckheim's 
magnificent  monograph  of  the  Osteology  and  Myology  of  that  animal.    It 

•The  flerc3st  cat,  provided  it  can  onoo  bo  induced  to  enter  a  bag,  is  managed 
almost  as  easily  as  a  rabbit.  Ether  and  chloroform  act  quickly  and  surely,  and 
I  have  never  encountered  any  serious  difficulties,  whether  in  the  laboratory  or 
lecture-nK>m,  in  performing  the  experiments  commonly  employed  for  physi- 
ological illustration.  Of  course,  these  experiments  were  all  calliscclions^  that  is, 
done  by  the  aid  of  ansBsthctics.  In  my  opinion,  as  elsewhere  expressed 
(ir>),  »enH»eetton  or  painful  vivisection  is  rarely  necessary  or  Justifiable. 

t  It  was  in  1860,  now  twenty-one  years  ago. 


ilillsli,  Lilt  I  inut  iIiU  «fl1  M 


Since  llie  aliovp  was  wrillcn,  I  havo  lost  noopiwrliinity  nf  acmmuUiiDf 
msliiriBla  Tor  the  IllUHtntuin  aC  Uie  tncc|ilinllc  nnaWtny  (if  Ibe  cat.  ud  Uw 
musL'um  or  Cornell  Univonit.v  nuw  cnntftiati  more  than  220  pt«|ni*Uniii 
of  the  bral  if  thiil  udIiimI.  A  few  of  these  uru  Uii:  eatini  orgmi.  or  iu 
umUweciM.  iklvea  ;  the  larger  number  arc  directions  for  the  nkc  of  (hav- 
ing certiUn     >i»U>  lu  Ud  stnicture. 

AltheoutsPt,  I  bnpof]  to  Had  that,  exreptinf;  purely  hit>to)n^^lm«tm 
the  stnicturo  of  the  human  brain  w--  -^  fully  known  »s  to  requirp  Vni* 
BioTv  thun  tlic  identification  and  deei  Ion  of  the  correiipoodlng  fntoM 
in  the  cat.  It  was  bood  uppuront,  ho ..  v  rer,  that  some  points  of  fonuMT- 
alile  morpltologlciil  hnportnncc  weru  us  jcl  undetermined,  or  at  UwA  pK 
Bcnted  very  unaatlsfactorily  in  tlK  standard  works.  To  the  doflCfendMAr 
posltivu  emirs  of  tlio  published  accounts,  was  added  the  dtffictllly  of  o^ 
tniniug  exainplc«  of  the  iiuman  brain  in  aiicb  a  condition  as  lo  serTt  ftr 
the  dL'K^nninaiion  of  doubinil  points.  Afler  eonsidemlilc  obscrmtinn  ud 
enquiry  npon  the  subject,  I  nni  i^onstiuined  lo  afUrm  tliat.  by  the  ottlbair 
mothod  uf  exirvciion,  the  freshest  human  brain  if  eo  dlstonn)  a<  to  b< 
uadtes  exoi'pting  for  the  roughest  kind  of  enquiry,  while  the  avctag>:  &■ 
tectjng-room  brain  fi  iitlen  only  fit  to  be  examined  with  a  spoon. 

TliiMiKtlailly,  of  course,  theanatomy  of  the  human  brain  is  to  l>c  Iranwd 
only  by  tlie  exanilniilion  of  thol  orpin.  Praclicully,  howei-er.  so  p«> 
are  (tie  difficulties  of  obinfnin^.  presen'ing,  and  dissecting  it,  ihsi.  ■'iib 
most  persons,  a  certain  o\pendilure  of  liuu!  and  money  iijiiin  oais'  lirains 
will  lit  more  produilivo  tlmn  if  dfvolfd  to  liic  bnilns  of  human  iH-iniTs  • 

After  siHinding  more  Ibun  twenty  years  in  the  sindy  and  liwhinff 
nnjitoiiiy  nnd  pliysiolrigy,  aidi'd  by  tlie  best  models  and  plates,  I  fe<l ihii 
neurly  ill]  my  n-iil  and  sulisliinlliil  knc.wltilgeof  the  brain  has  liecndcrivfJ 
from  that  of  the  Ciit.  Nor  has  the  lime  yet  cinne  when  I  can  examinf  t 
cat's  br.iin  for  an  liour,  without  correcting  fomemisapprvliension,  li'sroinj 
Eometiiin;;  new,  or  at  least  gaining  some  frc^h  conceplion  res|>ecliu^  die 
or(!;in;/:iljon  or  functions  of  the  organ,  or  its  possibilities  in  the  «ar  of 
variation. 

The  present  pajMr  concerns  only  the  groit  antitomg  of  the  brain.  anJ 
even  that  is  treated  in  only  a  general  way.  1  fully  recogni/e  the  p«i. 
perhaps  the  parainoiint,  iinjiorlance  of  a  cinuidcte  account  of  the  hUti^j 
of  the  organ,   if  only  as  a  basis  for  the  physiological,   imlhological  in'l 

■  1  have  expressed  elsewhere  <.!i  tlie  belief  tliat,orall  llie  more  easily  n<T«slW< 
animals,  the  eiiloflVrs  suiierlur  ndvanUiKes  for  preliminary  nDalciml<-i<l  i"rt. 
but  of  cotir»c  a  lar^eumuuntof  Inrurmiitluii  may  be  gained  from  the  dlsat^lioD 
ofany  mninmal.HHlde  frutn  the  mere  skill  In  tlie  use  of  Instruments  hIiIfIi 
conies  rroiii  tliclr  actual  einiiloymeiit  upon  the  organii.  Hence  the  toll(i"t»t 
qiiotiitlun  from  Holly  (A,  90  Is  given  wllli  entire  approval:— 

"  I  am  mire  that  whoever  will  take  llic  Inxible  In  m  over  this  dliuiectlnn  [<it 
will  tliiil  lilM  tuiUi  iiinc^h  ruclUtutcdby  the  knowledge  and  the  luunuul  deiierlif 
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psychological  obserrations  which  are  constantly  making  in  all  i^artsof  the 
world.  But,  with  all  deference  to  the  presumed  views  of  the  many  and 
indefatigable  workers  in  this  finer  field,  I  hold  that  the  more  urirent  neotl 
is  for  a  provisional,  at  least,  identification  and  nomendaturr  of  tJu  tisihU 
parts. 

I  am  loth  to  believe  that  the  authors  of  some  histological  contributions 
are  not  altogether  clear  upon  the  position  and  fc'lations  of  the  parts  con- 
cerned ;  but  I  apprehend  that  many  readers  of  such  contributions  fail  to 
appreciate  their  excellencies  or  to  recognize  their  defects  from  the  lack  of 
an  adequate  familiarity  with  the  gross  anatomy  of  the  brain  ;  a  lack  which 
seems  almost  unavoidable  so  long  as  the  chief  dependence  is  placed  upon 
the  text-books,  or  upon  the  appearances  presented  by  human  brains  in  the 
condition  in  which  they  commonly  find  their  way  to  the  dis«ecting-table. 

Had  a  recent  writer  employed  the  fresh  or  well-preserved  brain  of  a  cat 
in  place  of  the  (presumably)  distorted  and  semi -decomposed  human  organ, 
he  never  could  have  published  a  paper  "De  la  non-existence  des  trous  de 
Monro ;"  nor,  indeed,  does  the  acceptance  of  a  paper  with  such  a  reac- 
tionary title  indicate  that  the  editors  of  "Progres  Me.licule,  Xos.  25,  26/' 
have  left  the  beaten  track  in  this  respect. 

Whoever  will  carefully  examine  the  fresh  or  well-preserved  brains  of 
cats  need  not,  unless  he  prefer  to  accept  authority  in  place  of  the  evidence 
of  his  eyes,  either  doubt  the  existence  of  the  **  Foramina  of  Monro,"  or 
believe  that  these  openings  are  primarily  for  the  "transmission  of  the 
choroid  plexus."  Neither  need  he  believe  that  **the  third  ventricle  com- 
municates with  the  fifth"  in  any  animal,  or  at  any  perio<l  of  develop- 
ment ;  that  "the  great  transverse  fissure  "  is  a  real  cleft  from  the  outside 
of  the  brain  into  its  "ventricular  cavities  ;"  that  the  "coriwra  quadrigem- 
ina,  pineal  body,  corpora  geniculata  and  thalami  are  internal  parts  of  the 
cerebrum  ;"  or  that,  in  the  cat  at  least,  the  tlialami  <*nter,  in  the  slightest 
degree,  into  the  formation  of  "the  flrx)r  of  the  lateral  ventricles." 

With  the  view  of  aiding  in  the  correction  of  some  of  such  current  mis- 
apprehensions, and  paving  the  way  for  more  sound  and  enduring  work 
in  other  directions,  the  present  paper  is  purely  morphological,  and  all 
teleological  considerations  have  been  excluded. 

Moreover,  as  has  been  said  already,  only  a  genenil  view  of  the  organ  is 
here  given.  Each  part  of  the  brain  requires  more  or  less  extended  mono- 
graphic treatment.  Not  only  should  its  average  or  usual  fr)rm,  stnicture, 
and  connections  l>e  determined,  but  its  variations  should  be  not<?d,  and  cor- 
related with  known  differences  in  respect  to  the  age,  sex,  breed,  cr)l()r  and 
disposition.  Anomalies  also  should  be  recorded.  Of  course,  such  striking 
cases  as  the  absence  of  the  callosum,  rejwrted  by  the  writ(;r  in  1870  (/.>) 
would  be  at  once  remarked  ;  but  in  many  other  respects  we  are  as  yet  un- 
aware what  is  the  real  normal  condition,  and  are  hence  unable  to  deter- 
mine the  extent  of  departure  therefrom.  The  small  size  of  the  cat's  brain 
and  the  ease  with  which  large  numbers  may  be  obtained  and  preserved, 
render  it  peculiarly  adapted  for  this  line  of  enquiry. 


11  would  I  ,   u^ 

ology  and  B3'9[CDia[iL'  zooJOg}.  >" 
Hvallable  nhcn  the  brnln  liaa  rccei 
thought  equal  to  Ihftt  which  lias  bcci 

Considering  tho  abtindance  of  tht. 
world  where  anatomy  is  eullivated, 
made  of  its  brain.    In  several  papers  (O' 
((and  5),  PaoBch  (O,  llie  cerebral  fit 
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lily  Bdinitted  that  the  brain  might  be  of  use  in  the  determifii. 

gical  ikfflnities.     That  it  is  really  so  Beldam  emplojed  for  tUt 

:,  EAi  'plSng  as  nirnighing  merely  corroboratory  eridence,  is  lif^; 

Mic     igucnesa  of  our  information,  which  prevents  exact  coaipui- 

^        [he  Carnivora  in  general,  and  the  Pelidte  in  particular,  ftmn 

i  and  well-deflned  groups  ;  hence  the  careful  conipariAan  of 

_ .      lie  cat's  brain  with  the  homoliigoua  parts  in  other  memlim  al 

.fd  order  Ehould  not  only  be  comparatively  easy,  but  tke 

u.^  duca  to  the  functions  of  the  parts,  as  well  as  furnish  a  buu 

.lon^  r.  Ninside  ration  R. 

ate  the  influence,  upon  both  [ihpi 
um  of  knowledge  which  max  li^ 
1  an  amount  of  Lime,  lahor  md 
ivoted  to  the  skull. 
amestjc  cat  in  mo«t  pans  at  Uii 
ry  lllllo  use  seems  to  havu  bt«i 
35),  Krueg  (?),  Btnedifci 
lOre  or  less  fully  dE*cii»«d , 
but  I  am  not  acquainted  with  any  spc^.jj  paper  on  the  entire  urg»a.  Rid 
the  only  figures  of  the  structure  known  to  me  are  the  follnwtng ;  The 
niesal  aur&ce  is  shown  by  Lenret  et  Oratiolet  (A.,  pi.  v,  fig.  8) ;  tb«  pro- 
CfEliie  (rentriculi  Interales)  are  shown  by  Oegenbaur  (A,  508.  (Ig.  3M) ;  ud 
the  (lorsnl  and  veniml  surfaces  arc  partly  seen  in  connection  wiih  lb 
nerves  in  Bour^ery  and  .lacob  (A,  pi.  xvi). 

Tlic  sheep's  brain  seems  to  have  been  selected  by  Foster  and  Langi't 
(k),  and  by  Miirrell  (A),  parity,  at  least,  on  account  of  the  ea.*e  wili 
which  the  head  may  be  procured,  thus  avoiding  the  killing  (i(  an  aotnul 
for  the  sake  of  the  brain.  But  cats  are  so  plenty,  and  so  readily  killed  K 
chloroform,  that  no  objection  need  exist  u|ton  thai  score,  and  the  bnin 
is  removed,  preserved  and  dissected  much  more  conveniently  itian  tbii 
of  the  sheep.* 

The  small  size  of  some  of  Uie  parts  of  the  cat's  brain  is  an  objection,  no 
doubt  i  but  Ibis  is  atoned  for  by  tlic  number  of  preparations  one  mii 
make  and  keep,  and  by  the  ease  with  which  tlio  entire  organ  tnay  be 
held  or  placed  in  any  position  so  as  to  obtain  the  best  light  without  tbe 
danger — which  is  ever  present  with  larger  brains— of  tearing  by  in  own 
weight. 

B.  THE  MACROSCOPIC  VOCABULARY  OF  THE  BBAIS. 

In  a  recent  paper  (."5),  I  have  presented  somewhat  in  detail  both  llw 
grounds  for  attempting  a  Ilevision  of  Anatomical  Nomenclature,  and  the 
results  of  that  revision. 

With  a  siiglit  rearrangement,  and  some  unimportant  verbal  alW^ation^ 
the  following  paragraphs  remain  as  tlicre  published  (pp.  123.  137),  »ii!l 
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embody  a  brief  statement  of  **tlie  objects  of  the  present  revision,  the  con- 
siderations upon  which  it  is  based,  and  the  methods  which  have  been  pur- 
sued :" 

"To  facilitate  the  acquisition  and  communication  of  accurate  anatomi- 
cal knowledge,  by  rendering  the  vocabulary  equally  applicable  to  all  ver- 
tebrates, and  equally  intelligible  to  all  nations. 

**  That  the  convenience  and  preferences  of  all  existing  anatomists  should 
be  held  of  little  moment  as  compared  with  the  advantages  which  reform 
may  ensure  to  the  vastly  more  numerous  anatomical  workers  of  the  future. 

'•  That  the  test  of  the  accuracy  and  completeness  of  a  description  is,  not 
that  it  may  assist,  but  that  it  cannot  mislead. 

'  *  That  brevity  is  an  especially  desirable  characteristic  of  such  names  as  are 
most  frequently  employed . 

**  To  include  in  this  vocabulary,  so  far  as  practicable,  only  such  terms  as 
are  brief,  simple,  significant,  of  classical  origin  and  capable  of  inflection. 

•*To  propose  as  few  changes  as  possible,  and  to  introduce  new  names 
only  for  parts  apparently  unknown  pr  unnamed  before  (e.  g.,  crista  for- 
nicis),  or  in  the  place  of  semi-descriptive  appellations  undesirably  long  or 
incapable  of  inflection,  as  ^.  ^.,  cirnbia  for  tractus  transcersus  pedunculi, 
p&rta  for  foramen  Monroi. 

"  When  a  part  is  known  by  a  descriptive  phrase,  to  select  therefrom  some 
characteristic  word  as  the  technical  designation  ;  e.  g,,  iter  (a  tertio  ad  ven- 
triculum  quartum). 

'*  When  two  or  more  parts  are  similar,  or  have  similar  relations,  to  dis- 
tinguish them  by  joining  to  some  common  title  already  in  use  prefixes  in- 
dicative of  their  relative  positions ;  e.  g.,  postgeniculatum,  pragenicu- 
latum. 

"To  shorten  the  names  of  several  parts  by  omitting  the  word  corpus, 
and  using  the  neuter  adjective  as  a  substantive. 

••To  discard  terms  which  indicate  size,  those  which  refer  to  the  natural 
attitude  of  man  or  animals,  most  vernacular  names,  and  all  names  of  the 
reproductive  organs  which  have  been  applied  needlessly  to  other  parts  of 
the  body. 

"To  keep  modern  usage,  and  the  niles  of  classical  etymology  con- 
stantly in  mind,  but  not  to  be  hindered  thereby  from  the  employment  or 
even  the  formation  of  terms  which  are  eminently  desirable  from  the  prac- 
tical standpoint." 

At  my  request,  the  publisher  of  "Science*'  kindly  sent  copies  of  the 
two  numbers  containing  the  article  to  leading  scientific,  medical  and  lite- 
rary journals,  and  to  about  22  naturalists  or  physicians  who  make  more  or 
less  use  of  anatomical  terms  in  their  writings.  There  has  been  scarcely 
time  for  any  extended  criticism  of  the  proposed  changes,  but  as  the  article 
contained  a  very  distinct  request  for  suggestions,  I  am  disposed  to  infer  that 
anatomists  are  at  least  willing  to  let  the  new  terms  have  a  fair  trial  in  the 
present  paper,  the  preparation  of  which  was  announced  at  the  head  of  the 
article. 

The  following  are  the  only  published  comments  upon  the  subject,  which 
have  come  to  my  notice  : — ♦ 

In  The  Nation  for  April  12, 1881,  is  a  brief  notice  of  the  article,  evidently 

•  Since  this  wai  written,  The  Jonrnal  of  Nervous  and  Mental  Disease  for  Jaly . 
1881  (862-661),  has  reprinted  from  the  paper  (9)  the  List  of  names  of  encephalic 
parts,  and  regards  the  new  nomenclature  as  supported  by  **  rather  satisfactory 
arcninents."   See  alto  p.  662  of  this  paper. 
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tiy  ail  anitomicnl  leacber,  t^m  vliich  I  quote  the  Tollawtng  :  "Tberv  it 
certainly  ample  rouni  for  it  [the  reform  proposi'dj.  but  one  caonot  hrfp 
thinking  tilut  in  Iiis  desitu  for  set  Ditmes,  Professor  Wilder  approttchei 
podantrj."  Id  view  of  wbat  might  Imve  liui'n  expecled  from  bo  prilicali 
jDUTDal,  I  am  lUspoacd  lo  feel  more  encouraged  by  tlie  admiesioa  tbaa  dls- 
bearleued  by  the  objection. 

Dr.  Oliver  Wendell  Holmes  wrote  me  the  following  letter  upon  the  sub' 
jGct,  whicli,  with  liis  permission,  was  printed  in  "Science"  for  Juac4.ui<l 
is  here,  in  part,  reproduced ; — 

BiiSTOS.  May  30.  I8SI. 

Dear  Dr.  Wilder  :— I  have  read  t  Pfully  your  paper  on  NoioencU- 
ture.  I  entirely  approve  of  it  as  an  atteiupt — an  attempt  wlucb  I  hope  wiU 
be  parlially  siiceessfnl,  for  no  ^h  sweeping  change  is,  I  think,  ever 
adopted  as  a  whole.  But  I  am  str  :  u  l  the  reasonableness  of  ihe  system 
of  changes  you  propone.  fia(l  if  many  of  the  special  terms  you 

have  suggested. 

The  last  tblng  nn  old  teacher  wants  is.  as  you  know  full  well,  a  new  set 
(if  names  for  n  fnmilUr  set  of  objects  [t  is  hard  itiauUing  old  professore 
new  trickf.  So  my  approbation  of  y<  attempt  is  A  ik  roi  non  vMi  coat 
so  far  OS  I  um  concerned.    "    ■    • 

What  yoa  have  to  do  Is  to  keep  a^tating  the  subject,  to  go  on  Irainin; 
your  Btudt^nts  to  the  new  terms— some  of  which  yon  or  others  will  doabt- 
iess  9ce  reaanns  for  cbnnginff— to  improve  as  fur  as  possilile.  fill  np  blanks, 
]ierba]i<i  get  up  a  sm:tll  >[auual  iu  which  the  new  terms  shall  be  practirallj 
applied,  and  have  fiiith  that  sooner  or  later  the  beat  [>art  of  your  innovA- 
tions  will  find  their  way  into  scientific  use. 

•  •  •  Th'.:  plan  is  an  excellent  one— it  is  a  new  garment  which  will 
fit  Science  well,  if  that  c.ipricious  and  fantastic  and  old -fashioned -dressing 
lady  can  only  lie  iiuliiced  to  iry  it  on. 

Always  very  truly  yours, 

O.  W.   HOLUES. 

Dr.  Holmes's  literary  authority,  as  well  as  the  fact,  perhaps  less  gen erall.f 
known,  that  fur  :13  years  he  has  been  the  Professor  of  Anatomy  in  the 
Medical  School  of  Harvard  Univorsily,  will  give  great  weight  to  his  ap- 
probation of  my  undertaking. 

In  Science  for  April  29,  IS31,  Dr,  E.  C.  Spitzki  of  New  York,  wdl- 
known  as  an  indufaligtble  worker  in  encephalic  anatomy  and  htslology, 
published  (')  it  letter  to  the  Editor  respscling  my  article.  Dr.  Spit/.ks 
g^nero-Jsly  puts  aside  the  natural  fueling  of  disippMntment  thit  a  laslc 
which  ho  h^d  contemplated  for  several  ye»rs  should  be.  however  imper- 
fectly, psrforuiad  by  another,  and,  together  with  valuable  practicable 
suggestions  upon  several  important  points,  comments  as  follows  upon  the 
■^neral  subject  :^ 

is  with  mingled  pleasure  and  profit  that  I  have  read  the  verj'  sugges- 

in  Cerebral  Nomenclature  contributed  to  your  latest  issues  by 

Some  of  the  suggestions  which  he  has  made  have  been 
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latent  in  my  own  mind  for  years,  but  I  have  lacked  the  courage  to  bring 
them  before  my  colleagues.  Now  that  he  has  broken  ground,  those  who 
prefer  a  rational  nomenclature  to  one  which  like  the  present  reigning  one, 
is  based  upon  erroneous  principles,  or  rather  on  no  principles  at  all, 
will  be  rejoiced  at  the  precedent  thus  set  for  innovations.  As  Prof. 
"Wilder  has  invited  criticism,  I  take  the  opportunity  of  oflfering  the  follow- 
ing remarks  upon  the  leading  points  of  his  papers,  in  so  far  as  they  refer 
to  the  brain  alone. 

"1.  The  principles  announced  are  such  as  zootoniists  and  anatomists 
generally  will  agree-  with,  to  the  fullest  extent.  ♦  ♦  ♦  I  have  no  hesi- 
tation in  saying  that  the  labor  of  the  anatomical  student  will  be  diminished 
fully  one-half  when  this  nomenclature  shall  have  been  definitely  adopted. 

♦  *  *  In  Germany  the  older  system  has  gone  out  of  use  almost 
entirely,  and  not  the  least  charm  about  the  works  of  Ilenle,  Schwalbe, 
Forel  and  Gudden,  is  the  fact  that  these  authors  have  more  or  less  done 
away  with  the  ambiguous  terms  once  rampant. 

* '  3.  In  proceeding  to  comment  on  some  of  the  terms  proposed  by  Prof. 
"Wilder,  I  wish  it  to  be  distinctly  understood  that  I  do  so  merely  tenta- 
tively and  to  promote  discussion  ;  in  so  doing  I  feel  certain  that  I  am 
carrying  out  that  writer's  wish.  It  is  but  just  to  state  that  the  majority  of 
the  terms  cannot  be  discussed — they  are  perfection  and  sinrplicity  com- 
bined." 

I  think  Dr.  Spitzlca  does  himself  scant  justice  in  ascribing  his  non-pre- 
sentation of  the  subject  to  "a  lack  of  courage."  But  I  can  well  under- 
stand that  the  demands  of  an  active  practice  have  forced  him  to  defer  from 
time  to  time  the  somewhat  onerous  task  of  putting  his  material  into  shape 
for  publication.* 

In  the  following  discussion  of  the  macroscopic  vocabulary  of  the  brain, 
I  have  transcribed  freely  from  the  article  above  named,  introducing  such 
modifications  as  have  since  appeared  to  me  desirable. 

The  terms  employed  by  anatomists  form  two  divisions  :  those  which  in- 
dicate the  position  or  direction  of  organs,  and  those  by  which  the  organs 
themselves  are  designate.  Since,  also,  writers  have  usually  treated  of 
them  separately,  it  will  be  convenient  here  to  consider  anatomical  iopono- 
tny  and  organonomy  under  distinct  headings. 

Terms  op  Position  and  Direction — Toponomy. 

Dr.  Barclay's  volume  had  especial  reference  to  this  division  of  the  sub- 
ject, and  its  key-note  is  struck  in  the  following  paragraph  (A,  5)  : 

"The  vague  ambiguity  of  such  terms  as  superior,  inferior,  anterior,  pos- 
terior, &c.,  must  have  been  felt  and  acknowledged  by  every  person  the 
least  versant  with  anatomical  description." 

Dunglison  admits  (A,  61)  that  "Great  confusion  has  prevailed  with 
anatomists  in  the  use  of  the  terms  before,  behind,  &c."  Dr.  Spitzka  has 
forcibly  stated  (/,  75,  note  1)  the  objections  to  the  use  of  anterior,  tfcc,  and 
their  unsuitability  is  tacitly  conceded  in  the  employment  of  other  terms  by 

•Since  this  paper  was  presented.  Dr.  Spitxka  has  published  an  able  contribu- 
tion (10)  to  oar  knowledge  of  the  motencephalon,  in  which  the  toponomlcal 
terms  herein  suggested  are  employed. 
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sr^ve  !rs  who  dn  not  expUcttly  condemn  the  current  topunomj : 

Geg ,A,  481).  Mivsrt  (A,  1(9),  Cleland  (.1.  170),  Rolleswn  (B.  SI 

note).  &c. 

Finally,  the  need  of  a  radical  cbangeof  bnae  has  been  prodnimed  in  one 
of  tL«  very  strongholds  of  anlhropotumy  ; — 

"  Now  tliat  the  more  extended  aludy  of  comparative  anatomy  and  em- 
bryonic development  is  largely  applied  lo  the  elufid&tion  of  the  hunun 
atrncture,  it  is  very  desirable  tlui[  descriptive  terms  shoald  be  MUgbl 
which  may,  without  ambiguity,  indicate  position  and  relation  in  tl* 
organism  at  once  in  man  and  animals  Ruch  terms  us  cephalic  and  nadil, 
dorsal  and  vcntml,  &c..  are  of  thisklnu  and  ought.  w1ienev<rr  Ihin  nutTtw 
done  consistently  with  sufficient  cicame  m  of  description,  to  take  the  plin 
ot  ihosu  which  are  only  applicable  lo  tne  peculiar  attitude  of  ibv  haaaa 
body."— Quain.  A,  I.  6. 

This  ia  certainly  explicit  as  lo  the  principle  involved,  and  It  in  to  h> 
hoped  that  later  editions  of  this  standard  Human  Anatomy  may  displsy  iu 
piKcticnl  application  to  the  body  of  the  work. 

How  slender  Is  the  Justification  for  retaining  a  toponomicnl  vocabalarT 
based  upon  the  relations  of  organisms  to  the  surface  of  the  enrth.  apiiMiii 
more  fuHy  when  we  reflect  that  the  assumed  standard,  for  the  higher  iw- 
tebratea  at  least,  ia  man  in  his  natural  erect  attitude  ;  yet  that  botli  mu 
and  animals  are  more  often  examined  and  compared  with  ttit^  (•tcJtdMM- 
leard,  tliis  being  an  attitude  truly  characterli'tic  of  only  that  infrnjiKal 
"subject,"  the  slolli. 

As  a  single  illustration  of  tiie  loiiical  inconsistencies  into  which  we  «".' 
led  by  the  use  of  the  current  lo[>onomy,  take  tlie  scries  of  possibli'  dc-isni- 
tions  of  tlie  direction  of  some  vertebral  spincms  process  wliich  projects  i" 
wanl  the  skin  of  the  Imck  iil.  or  approximately  at.  a  right  angle  nrith  ilif 
inyelon.  With  man  the  direction  in  wliich  it  iminis  is  po'Urior,  but  with 
a  eat  it  is  taperior,  while  with  an  ape  or  a  bird  it  is  somewhere  l>etwfenitif 
two ;  witli  all  fonr,  when  on  the  dissecting  table,  it  wouW  be  usually  if- 
ferior.  Finally,  with  a  duunder  the  corrcM|H>nding  direction  would  !■'' 
horizontal  or  tidcirhe. 

In  short,  to  designate  the  loc^ations  of  oi^ns  by  the  relations  ofaniiusi' 
to  the  surface  of  the  earth,  which  relation  differs  in  nearly  .illitii  fumi-. 
and  varies  with  the  same  in<1ividua1  according  tu  circumstance*,  i-  a-  f.ir 
from  pliilosophical  as  It  would  be  to  defini!  the  place  of  a  house  or  a  tn-t  t'V 
reference  to  the  planet  .lupiler.  or  to  assume  that  mankind  naturally  f^ir 
the  rising  sun,  and  hence  lo  designate  our  right  and  letl  as  the  south  -Aui 
north  sides  of  the  bmly. 

The  present  tendency  of  accurate  anatomical  description  is  to  relVrili' 
position  or  direction  of  all  |iarls  and  orgiins  to  an  imaginary  plane  dicidinf 
the  body  Into  approximately  equal  right  and  left  halves  ;  hence  it  is  ilr~ira 
ble  to  designate  this  middle  plane,  or  any  line  contained  therein.  I>5  > 
word  which  is  at  once  significant,  short,  and  capable  of  inflection.  Pr 
Barclay  proposed  inetion,  and  meaiat  has  been  getierally  used  ;  but  would 
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it  not  better  to  adopt  the  very  term  employed  by  the  Greeks  to  signify  the 
middle,  meson,  to  fiiaov^  equivalent  to  the  more  ponderous  Latin  meditul- 
Uumf  The  corresponding  adjective  is  mesal,  and  the  adverb  rruBod,  while 
in  combination  it  becomes  meBo. 

The  following  general  terms  were  also  proposed  by  Barclay,  and  have 
been  more  or  less  systematically  employed  by  Owen,  Huxley  and  others  : 
Dorsal,  ventral,  dexiral,  sinistral,  lateral,  with  the  corresponding  adverbial 
forms  dorsad,*  etc.  Should  the  alleged  correspondence  of  the  ventral 
region  of  the  Vertebrate  with  the  tergal  region  of  the  Arthropod  prove  to 
be  one  of  true  homology,  it  may  be  desirable  in  time  to  discard  dorsal 
and  ventral  for  more  suitable  terms,  but  for  the  present,  if  on  practical 
grounds  alone,  it  seems  well  to  retain  them. 

Barclay  proposed  atlantal  and  sacral  for  the  designation  of  the  position 
of  parts  lying  toward  the  head  or  the  tail,  in  reference  to  an  imaginary 
plane  dividing  the  trunk  at  the  middle  of  its  length.  But  these  terms  were 
not  applicable  to  parts  beyond  the  atlas  and  the  sacnim,  so  that  new 
words  were  applied  to  the  regions  of  the  head.  Perhaps  this  needless 
complication  has  hindered  the  general  adoption  of  Barclay's  nomenclature 
notbwithstanding  its  many  admirable  features.  At  any  rate,  cephalic  and 
eaiuUil  are  much  more  acceptable  terms,  and  are  practically  unobjection- 
able, although  certain  theoretical  difficulties  readily  suggest  themselves. 

Proximal  and  distal,  central  and  periplieral  are  in  common  use,  and  the 
general  employment  of  their  inflections  and  derivatives  is  only  a  question 
of  time.  Proximal  and  distal  seem  to  be  more  applicable  to  the  limbs  and 
tbeir  segments/  wliile  central  and  peripheral  may  be  employed  for  vessels 
and  nerves. 

Ental,  and  ectal  were  proposed  (,9)  as  substitutes  for  the  more  or  less 

ambiguous  words  inner  and  outer,  interior  and  exterior,  deep  and  superficial, 

profound  and  sublime.     Derived  respectively  from  ivzo^  and  kxzo^  their 

significance  is  obvious,  while  their  brevity  and  capacity  for  inflection  will 

probably  commend  them  to  accurate  working  anatomists. 

The  Names  op  the  Pauts — Oroanonomy. 

abbreviations  of  the  more  general  names  of  encephalic  parts. 

Ar. — Area.  F. — Fissura.  Px. — Plexus. 

C. — Ccclia.  Fm. — Foramen.  R. — Recessus. 

Clm. — Columna.  Fn. — Funiculus  (root-        Rx. — Radix. 

Cn.— Canalis.  let).  81.— Sulcus. 

Cp. — Corpus.  Fs. — Fossa.  Spt. — Septum. 

Cr. — Cms.  Inc. — Incisura.  T. — Tuber. 

Crs.— Crista.  L.— Lobus.  Tr.— Tractus. 

Cs. — Commissura.  LI. — Lobulus.  Tl. — Tela. 

Em. — Eminentia.  Pt. — Portio. 

•  In  bU  recent  paper  (?)  on  the  Evolution  ot  Mammals,  as  printed  in  **Nar 
iure,"    Jan.  6, 1881,  p.  228,  Huxley  uses  the  term  dorMod, 
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Abbreviations  of  the  Craistal  Nerves.    ('See  fig.  8.) 

For  convenient  comparison,  the  numerals  applied  by  Soemmering  are 
prefixed  to  the  proper  abbreviations, 
vi.  abd. — Abducens. 

xi.  ae, — Accessorius  (spinalis), 
viii.  au, — Auditorius.     (Portio  mollis.) 
vii.  /. — Facialis.     (Portio  dura.) 

ix.  gpTu — Glossopharyngeus. 
xii.  Itg. — Hypoglossus. 

iii.  oem. — Oculomotorius.    Motor  communis. 
1.  ol. — Olfactorius. 

ii.  op. — Opticus. 

iv.  tr. — ^Trochlearis.     "Patheticus." 

V.  trg, — Trigeminus.     Trifacialis. 

X.  tJ. — Vagus.    Pneumogastricus.    Par  vagum. 

List  of  the  Parts  of  the  Cat's  Brain  which  are  Visible  to  the 

Unaided  Eye. 

To  avoid  repetition,  this  list  is  accompanied  by  the  abbreviations  which 
are  used  upon  the  plates,  and,  for  convenience  of  reference,  the  names  are 
arranged  in  the  alphabetical  order  of  the  abbreviations.  Only  the  abbrevia- 
tions of  general  names  are  capitalized.  The  numbers  following  the 
names  indicate  the  figures  upon  which  the  parts  are  shown,  or,  in  a  few 
cases,  the  pages  on  which  they  are  mentioned. 

Host  of  the  names  are  those  in  common  use,  with  the  omission  of  super- 
fluous elements  like  corpus,  and  the  genitives  of  the  names  of  more  com- 
prehensive parts.  Most  of  the  apparently  new  names  will  be  found  to  be 
old  acquaintances  under  such  thin  disguises  as  translation,  transposition, 
abridgment,  and  the  substitution  of  prefixes  for  qualifying  words.  In  a  few 
cases  the  old  names,  are  wholly  discarded  for  briefer  new  ones.  Most  of  the 
new  names,  however,  refer  to  parts  apparently  unobserved  hitherto  {e.  g,, 
crista,  carina,  delta),  or  to  parts  which — although  probably  observed — 
seem  not  to  have  been  regarded  as  needing  a  special  designation  {e.  g., 
atUa^  quadrans,  pero). 

So  much  of  each  name  as  immediately  follows  the  abbreviation,  is  re- 
garded as  a  sufficient  designation  of  the  part  under  ordinary  circum- 
stances ;  sometimes  it  may  be  desirable  to  add  the  words  in  parenthesis. 

a. — Aula,  The  cavity  of  the  primitive  prosencephalon,  or  Lobus  com- 
munis.    3,  13,  16.     See  p.  540. 

abn. — Albicans  (Corpus).     3,  4,  11. 

a».— Alba  (Substantia).    White  matter.     13,  14,  20. 

apx. — Auliplexus.     Not  distinctly  shown.     See  p.  542. 

arb.  vt. — Arbor  vitffi  (cerebelli).     4. 

At.  cr. — Area  cruralis.     3,  11. 

Ar,  icr, — Area  intercruralis.     3,  11. 

Ar.  el. — Area  elliptica.     3. 
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At.  or. — Area  ovslis.     3. 
Ar.  ppn. — Area  pnslpoiililLi.     3. 
Ar.  preh. — Area  prtechiaBnifttica.     8. 
Ar.  tpt.~~A.reB,  septaliB.    4,  10. 
M. — Carina  (forniclB).     Not  shown,  see  p.  5S6. 
ei.  or  hem. — Cerebrum;  prosencephalon  ;  henuBphienB.     1,  8,  elo 
f6i.— Cerebellum.    1,  3,  li,  15. 
ed.  ». — Cauda  striati.    Bee  p.  543. 
ret.  m. — Cella  media  (procrali*).    15. 
rA.— CUiasnia  (NN.  opiiconim).    8,  i.  5,  H,  18. 
ein. — Cinerea  (Subatantia).     Qiay  matter.     14,  20. 
<:!.— Callosum  (CorpuB).    4.  13,  15,  Ifl.  17,  fiO. 
tie. — Calcar.     Hippocampus  minor.     Not  in  the  cat. 
bJp.— Clavn.     13.     • 
Clm.  d. — Columna  dorealis  myelouifi.     Posterior  while  column  of  tke 
Hpinal  cord.     I. 

CTm./.— Columna  fornids.     4,  10,  13,  14,  16. 
Clm.  I.— Clm.  lateralis  myeloniB.     1,  3. 
(Tim.  o. — Cim.  Teittmlis  inyeloniB,    8. 
emb. — Cimbia.    Tmctus  Iruusversos  pedunculi.    3.  S,  9,  11. 
en. — Conarium.    Corpus  ptneale.    7,  10,    8«e  p.  562. 
Cn.  ce. — Canalifl  cenlralis  (myelonis).     4. 
Or.  ei.— Crus  cerebri.    2,  4,  9,  11,  18,  19. 
Cr.  ol. — Cms  olfactnrlum.    4,  H. 

Ci"»./.— Crisla(fornici«).    4,  14,  10,  20.     (See  WikltT.  T.) 
G».  /.— Ccuntuisaura  fornicis.     14. 
C'«.  k. — CoiDmissura  Imlwimruiii.    4,  G. 
rf,— Dnrji  (mater).     Xot  shown. 

dr.— Diaciplia.     Vent  ricul  UH  Icrl  ins.     4.  0,  7,  10.     Set- p.  ."iSO. 
rfere. — Dienci']ihnlon.  inlcrhmin.     7.  0.  10. 
(H(.— Delia  (fornicis).     10,  14. 

dpr. — Diaplexus.    Plcxns  clioroideus  ventriculi  terlii.^,  Ifi. 
dtl. — Dialcln.     Roof  of  diaciplin. 
Em.  n«.— Emin.'ntia  auiiiloria.     2,  3, 

end. — Enilyma  c]M;ii(lymii.     Tlie  liniii!;  membrane  of  Ihe  croli*. 
^r.— Ejiicii'liii.     Vcntriciilus  rertbclli.     4. 
i!pcn.— E pence plial on.     Hind  hniin,     4. 
/.—ForniY.     14,  1.5,  10,  17,  Ifl,  20. 
/i'.— Fissiira.     See  list  of  ccrebnil  fissures,  ]i,  .")34. 

F.  ([?.— Fi9,«nm  liorsi  latum  lis  (inyelonis).     Postero -lateral  fisnure  of  ibr 
Epiual  cord.     1. 

F.  dms. — Fissum  dorsimesalis  (myelonis).     1. 
F.  vl.—¥.  Tenlrilalenilis  (myelonis),     3, 
F.  riih». — F.  ventriniesnlis  (myelonis).     3. 


«8L]  537  [Wilder. 

Fm.  en, — Foramen  conarii.    6. 

Ffn.  inf. — Foramen  infundibulL     6. 

fmb. — Fimbria.     Corpus  fimbriatum.     14,  17. 

Jad, — Fasciola.     Fascia  dcntata  and  fasciola.     14,  17. 

g. — Genu  (callosi).    4,  17. 

A. — Habena.     Habenula  ;  pedunculus  pinealis.    4,  7,  16. 
?iem. — IXsemisphsera.     Hemicerebrum.     1,  2,  3,  4.  etc. 
hmp. — Hypocampa.     Hippocampus  major.     14,  15,  18, 19. 
hph. — Hypophysis.     Corpus  pituitarium.    8,  4.     See  p.  562. 

Jac.  hmp. — Incisura  bypocampae.     11. 

inf. — Infundibulum.     3. 

ins, — Insula.     Island  of  Reil.    Not  distinct  in  the  cat.     See  p.  543. 

it. — Iter  (a  tertio  ad  quartum  ventriculum).    Mesoccelia,  msc.    4,  8. 

X.  I. — Lobus  lateralis  (cerebelli).     1,  2,  15.  • 

//.  ol. — Lobus  olfactorius.     1,  2,  15,  17,  18. 

X.  imp. — Lobus  temporalis  (hemisphasra!).     2. 

IjI.  ap. — Lobulus  appendicularis  (cerebelli).     2,  3. 

IJ.  hmp. — Lobulus  hypocampae.     LI.  mastoideus.     2,  14,  17. 

?/».  alb. — Limes  alba  (radicis  lateralis  cruris  olfactorii).     2,  5. 

Im^.  ein. — Limes  cinerea.     2,  5. 

Iq.  c. — Liquor  cceliarum.     Liquor  ventriculi. 

ly. — Lyra  (fornicis).     Psalterium.     14.     See  p.  543. 

T/wM. — Medicommissura.     Commissure  mollis.     4,  16. 
inru. — Medicornu  (proccBliaj).     Cornu  temi>oralc.     Cornu  descendens. 
1,  14.  18,  19. 

mpd. — Medipedunculus  (cerebelli).     Cms  ad  pontem.     8. 
fiMc. — Mesoccelia.     Iter.     Ventriculusloborumopticorum  mesalis.     4.8. 
fn$en. — Mesencephalon.     Midbrain.     Lobi  optici,  etc.     7,  9. 
nUc. — Metac(Blia.     Ventriculus  quartus.  less  the  epicoelia.     4. 
fnUn. — Metencephalon.     Medulla  oblongata.     After-brain.     1,  2,  4,  12. 
mtpi. — Metaplexus.     Plexus  choroideus  medullee.     3,  12. 
mttl. — Metatela.     Roof  of  metaccelia.     4,  12. 
tny. — Myelon.     Spinal  cord.     1,  2. 

oh. — Obex.     Not  identified  in  the  cat. 
olr. — Oliva.     Corpus  olivarium.     Not  identified  in  the  cat. 
np. — Opticus   (Lobus).      Cephalic   optic  lobe;   natis  cerebri.      4,  7,  9, 
18,  19. 

p. — Porta  (Monroi).     Foramen  Monroi.     14,  16,  18,  19.     Sec  p.  540. 

pi. — Pia  (mater).     Not  shown.     See  p.  543. 

pes. — Postcommissura.     Commissura  posterior.     4. 

pgn. — Postgeniculatum,  (Corpus).  Corpus  geniculatum  internum.  7, 
\,  9,  10. 

po.  ol. — Pero  olfactorius.     16.  , 

pop. — Postopticus  (Lobus).  Caudal  optic  lobe  ;  testis  cerebri.  4,  7,  8, 
I.  18.  19. 
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pn.— Pons  (Varolii).     2,  3,  4.  9,  11. 

pp/.— Poslperforalua  (Lotus).     3,  4.  11. 

ppx. — portipleius.     18. 

pre. — ProctcUa.     Ccelin  prosencL-phaU ;    Tenlriculus  lateralis.     15. 
IB,  19. 

pret. — Pneeommiflura.    Cninmiisura  itoteriDr.    4,  14,  16. 

preu. — Praiccima  (procoelia;).     Comu  anterius.     13,  15,  16,  18.  \9. 

pren. — Pro9eaceplial<)n.    Cerebrum.     Hemisphierffi. 

pryn. — PiwgenicwlatuiH.    Corpus  gcniculftlui; 

^wjjf.— Pnaperforatus.  (Locus).     Locus  perforarus  ai 

prpx. — Proplexua,     Plesus  procwlJE,     15,  18. 

pt.  oL — Pes  olfactorius.    16. 

J(.  rf.— Portlo  dojiresaa  (prffiperibrali)-     8.  H- 

y.  ditm. — Portid  dianccphalicn  (craris  cerebri).     11. 

PC;  nuen Portio  mesencepliallca  (cniria  cerebri).     11. 

PI- p. — Ponlo  promlnens  (pneperforati).    8,  4,  11. 

Pff. — Pymmis  (meiencephali),    Pyramis  anterior.     3,  4. 

jup. — Pseud ocoilia.    Ventriculus  aeptiluciiil  ;fitUi  Teolrjcle.    Xot 
cat.    See  p.  MS. 

g. — QuadraoB  (cniriB.)    11. 

r.— Rima.    Fiwure  of  Bicbat.    14,  IT. 

B.  a. — RucesBus  anlte,     14. 

B.  op. — Recos3U3  opticus.    4,  11.  16. 

Jl.  pi-pn. — Reccssiis  pnp|ionlilis.     4. 

Jtg.  II. — Rfgio  aiilicii.     The  complex  regirm  alwut  Ihc  aula. 

rhr. — Rhinocielin.     Ventriculus  olfactorius.     1(1. 

rfitii. — Hhincncephalou.     LoIh  olfuctorii.     1,  etc. 

r»(.~lla*(rum  ((itll.isi).     4. 

r;).— rtijiii.     14. 

Jlx.  ill.— (Cruris  olfactorii).     Not  ilialinct  in  the  cat.     See  p.  548. 

Jlx.  i.— liaiUx  latemliK.    3. 

Jfr.  ml, — Itiidix  niotoria  (Xervl  trl^vminl).    3. 

ifj.  MS.— Radix  niesalis  (Cruris  olfiielorii).    3. 

Jii.  »n.— RnilisL  sensoria  (Ncrvi  tri^fvuiltil).     U. 

-.,— Siriiittim  (CoH'i's)-    !■%  1">.  1"- 

Sl.  A.— Sulcus  li!il)enic.    7. 

«.  if.  l.—i^aUiif  iiitcrcniralifl  Inlcnills.     11. 

SI.  if:  iim. — Sulcuc  Jutcrcrunilis  lucsalie.     II. 

SI.  ?/— Sulcus  liniilan=.     13. 

.'■7.  m/.— Sulcus  trimiliiitus.     II. 

«p.— Spleiiium  (callosi).     4,  0.  14.  IT. 

Spt.  iu,— Scpium  luciilum.     16,  10. 

r— TcrTii.1.     Lamina  lennlnalis.     4.  IG.     See  pp.  541,  34*. 

r.  r/».— Tuber  cilicreuru.     ."!,  4,  11. 

(ft,— Tlialauius  (Nervonua  uplicorum).     T,  9,  10,  13. 


TV.  op.— TraetDB  o[iticus.    8,  11,  14,  19. 

Tr.  prh. — Tnc.tn*  poatrhinaliB.     3. 

fe. — Tfaperiom.    2,  8. 

tl. — Vcium  (interpoeilum).    Nnt  shown.    See  p.  5+4. 

cm,— VenniB  (cerebellij.     1.  3, 15. 

PB. — VhItuU  (cerebelli).    4. 

A  frw  of  Uie  terma  incltidoil  in  llie  forugoing  list  ne«l  more  extended 


TTie  enntphalie  tegmentt. — It  Is  often  convenient,  nnd  alwdys  more  philo- 
ioplnotil,  to  regard  iLe  brain  aa  iKuniJosed  of  fi  aeries  of  ntgmtnU  or  diti- 
tiona,  ench  ronsisling  of  a  cavity,  willi  its  aides,  floor,  and  roof  varioualj 
thickened,  convoluted,  or  oilierwise  modified.  So  far  as  is  Itnnwu,  the 
anatomical  divisiona  most  conveniently  made  correspond  essentially  with 
tlie  acriCH  of  embiyonic  vesicles. 

To  these  divisions,  the  Oertnan  annlomiBta,  following,  I  believe.  Von 
Baer,  apply  the  namea  torder/iirn.  iieuc/ienhirn,  milUUiim.  kinltrhim,  and 
naehhim,  which  ate  commoDly  rendered  In  English  hy  forebrnin,  'tutMn- 
brain,  mWrrain.  hindbrain,  and  aftcrbrain. 

In  converting  these  vernacular  terms  Into  technical,  anatomists  have 
generally  recognised  the  practical  advantage  of  regarding  the  Lobi  olfae- 
torii  uB  a  segment  apart  from  tlie  cerebral  licmiapbercs,  under  the  name  of 
rhineiu^phalon.  The  hemispheres,  inchiding  the  ttriati,  etc.  constitute 
the  prii»eiKfplialon,  and  the  Lobi  itptifi.  with  the  corresponding  portion  of 
the  (Mira  eerebri.  form  the  meienerphale^.  So  fhr.  all  agree.  But  the 
region  including  the  ihalami.  between  theproscn.  and  the  mceen.  has  been 
Tarlously  called  deuteiu^rphaUm.  tkalameneephalon.  and  ditntepkainn.  Un- 
able to  ascurtaio  which  has  priority,  I  select  the  last  as  the  shortest  and 
most  applicable. 

Upon  the  nHnics  of  the  remaining  [Arts  of  the  brain  there  is  more 
•erions  divergence  of  mage  among  wrilers.  Owen  (A.  I.  303)  calls  it 
all  fpetufphaloH ;  but  Huxley  applies  (A.  (tO)  that  name  to  the  poos 
uid  cerebellum  as  a  division  separate  from  the  medulla,  which  he  calls 
m^tUnftpAolim,  notwithstanding  Ibia  term  had  been  previously  proposed  hy 
Owen  (A.  I,  a((8)  for  the  entire  "  cerebri) -spinal  oxii"."  In  this,  Huxloy  is 
followed  hy  the  English  editor  of  "Oegenbaur"  (A,  xiii)  nolwillisMnd- 
ing  his  admission  that  a  different  nomenclature  bad  been  previously  pub- 
lished in  Quain  (A,  11,  756).  The  editors  of  "  Quain  "  recognize  the  two 
division»,  and  apply  tprnftphalon  to  the  pons  and  cerebellum,  giving  to 
the  medulla  proper  the  name  meUnctphalon.  On  all  arcounts.  this  seems 
to  me  the  best  arrangement  of  terms  for  the  encephalic  segnienta,  and  Is 
followed  in  the  present  paper. 

Thttalke,  or  gnmphatie  "tmlrielr»." — The  incongniity  of  Ihe  anthropo- 
tomioil  designations  of  the  encephalic  cavities  has  been  pointed  out  by 

«n  (A,  I,  394,  note),  and  the  writer  (.'*,  123). 

fi  eentriilu  expands  into  a  cavity  which,  although  the  flret  of 
I.  soc.  XIX.  100.  3p.    fiuxtkd  dec.  6.  1S81. 
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,be  series.  In  called  the  fourth  ventricle.  The  more  or  less  disttnrt  tnvitia 
lorresponding  [otliecprebeltuin  and  the  Lobi  npciciare  not  calWl  veiitrii:1«* 
It  all.  and  the  third  k  between  the  thalam!.  The  tiro  "Internl"  rpntrida 
■re  mrrly  mentioned  as  the  ^rit  and  irtoad,  but  »lncp  the  niimlN'n  uutl 
understood  in  order  to  account  Tor  the  third  und  fourth.  Ilir  ■tadriil 
eHire»,  in  vain,  lo  know  which  is  the  drat  and  whirh  the  ni>ci)nd.  In  point 
_f  fact,  if  the  enumerntion  \a  begun  at  tlie  cephalic  L>nd  nf  tlio  wriea,  Ihr 
tnieral  ventricles  nre  the  third  and  Tourtli,  »>inco  there  ar«  wolI-dev«lop«d 
■venlriclen  in  the  Labi  olfarlorii.  FinftUy.  a  "fifth  ventrifl*  ''  is  ntentioiied. 
which  is  not  only  at  the  ^eateat  dislnnce  from  the  fourth.  Itiil  luu  on 
normal  eonncctinn  with  thti  oii^r  v.         les,  and  is,  :u  but.  nn  port  of  tht 

In  Tiew  of  all  this,  the  titak  of  describing  to  Rtudenta  the  liigbwaji  uid 
by -ways  of  the  brain — which  should  1)e  most  attractive  hecitni>r  Ih^rrin  1« 
mo^l  clearly  minifeptted  the  ideal  arrangeineut  of  tlie  orgMu — is  no*  frun 
which  I  shrink  as  from  any  other  kind  ol  aolemn  noQwnaR.  Tn  luy  mind, 
indeed,  raihur  lUnu  go  on  as  we  have  been  going,  it  would  be  at  unce  low* 
phitoBophlcAl  and  more  intelligible  to  adopt  Ihi'  simple  vocal  dovlai  en- 
plojTid  hy  Strous'Durcklieim  for  tlm  dMlguation  of  the  Oma  nietsianall*— 
"padion.  pedinn,  pldion.  podion.  pudlon" — and  tore-christi-n  llin  Trniridta 
by,  for  in-iiiince,  the  names  pron.  prm,  prin,  pfirt,  dtnl  ;-r«.i 

Fcirluiin'i'ly.  however.  iinothiTnlU-rnative  L«  |ir.'^'nt"Tl.  A--ririime  ttat 
the  terms  rhiaent^hnion,  protencephalon.  ditneephalon.  maenerpMfK 
tptiwephaloii  and  rmltrufphalon  are  to  be  retained,  and  that  they  are  lo 
be  learned  hy  snrrewive  generations  of  students,  why  should  we  011 
transfer  the  diMlni'live  pri-fixes  10  the  Greek  word  for  venirirli\  r„:,.i, 
firli-J?  This  would  tfive  lis  rhinortriui.  prorirlin.  dianriiii,  me»oeali-i.  f/nf ■!'•■•. 
and  mi'ttifirliti. 

Tlii"e  terms  iire  e.iinilile  of  infleelion.  and  the  lonsresl  of  them  i>  ii'' 
lonpT  thiiii  thr  l„itiii  r<alrinilu*.  which  requires  a  prefix  or  (jualifyiac 
word.  Tlies.- jin'liv.s  may  be  also  employed  for  the  de-^iirnalion  of  ih. 
niemliiTkneous  riHifs  i>f  ihe  '■third"  and  "fonrth"  vent  noil's,  and  ih'- 
plexuses  of  thr-e  and  llie  liHenil  ventriele*.  Thus  wp  should  have  tnn-i- 
trhi  and  mil-'jilezii'.  ili-il-l"  and  iti'iplfrH'.  propitzu*.  portipUz'i*.  rind  ■!••<' 
phins.  Two  or  mon'  '■vi-ntri<'les  "  would  be  spoken  of  a*  friit.  whiV 
the  -nnh  venlride."  whicli  is  ri-.illy  no  (larl  of  the  series,  may  ^'". 
be  ealli-il  p«  -•h<c.rli.i. 

Au}.i.—\  lio|w.  bi'l'ore  Ion?:,  lo  justify  more  fully  Ihe  pr.iiH>iiti..n  ;itrFt.lv 
made  (Wilder.  :■  and  .■')-  t'l  .--.nsider  the  c.-phalic  |>orlion  of  ibe  ■■  ihiri  v.  c 
trii-le"  liedverii  Ihe  j>"W.f  (Fommina  Monroi),  as  a  mr>n>h..losieallv  iDl- 
,H-ndent  <'aviry  under  llie  name  of  «'<;.'- 

/l.rM.  — This  is  ]iropi.se,l  ,is  a  convenient  snbsiitute  for  ihe  pX\n-- 
"Foritnien  Monroi."  If  iht-  two  orifices  leadinjr.  respei-tiv.'ly.  tp.m  ih' 
two  proeiidhe  ("laliTiil  veniricles").  into  Ihe  aula,  and  s<i  oomniunictiiEi: 
wiih  the  entire  niesiil  series  of  eo-lisv,  were  seldom  employisl.  or  even  »■ 
freipienilv  as  "  Foramen  Mnffendie."  there  mi^ht  be  lew  call  for  ■  rhin;- 
of  name  ;  but,  according  to  my  view  of  the  be.sl  method  of  studying  tb.- 
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brain,  these  slight  orifices,  which  are  but  rarely  demonstrated,  and  have 
never  been,  so  far  as  I  know,  accurately  figured,  have  a  real  and  great 
morphical  value,  and  should  be  frequently  named  ;  hence  the  desirability 
of  a  short  term  capable  of  infiection.  Since  there  is  no  other  encephalic 
porta,  the  single  word  is  sufficient ;  but  Monrot  may  be  regarded  as  belong- 
ing thereto,  in  memory  of  the  description  of  the  parts  by  A.  Monro 
secundus  (A).    See  my  paper  (5). 

Medicomu,  etc. — In  place  of  the  terms  Comu  descenden^,  etc.,  I  have 
suggested  that  the  three  prolongations  of  the  procoelia  into  the  LoM  tem- 
poralis, frontalis,  and  occipitalis  respectively,  should  be  called  mcdicomuy 
prcBcomUy  and  postcomu.    The  latter  does  not  exist  in  the  cat. 

Rima, — This  brief  name  is  proposed  as  a  substitute  for  the  phrase  ''rtma 
transversa  cerebri  magna/*  and  its  various  classical  or  vernacular  equiva- 
lents. That,  in  the  cat,  the  connection  of  the  two  borders  of  the  rima  is 
complete,  and  capable  of  resisting  a  considerable  pressure  of  air,  alcohol 
or  plaster,  has  been  repeatedly  demonstrated  by  me  since  the  25tli  of  No- 
vember, 1876.  But  the  proper  nervous  tissue  is  interrupted  from  the 
dorsal  border  of  the  porta  to  near  the  tip  of  the  mcdicornu,  and,  in  so 
heavy  a  brain  as  that  of  man,  the  membraneous  connections  are  readily 
torn  during  the  extraction  or  manipulation  of  the  organ  ;  see  my  paper,  9, 
136. 

Proterma. — prtr. — The  primitive  lamina  terminalift  or  /.  cinerea.  Terma 
ernbryoms.  My  reason  for  suggesting  different  terms  for  the  adult  and 
embryonic  terminal  plates,  is  that,  as  now  understood,  the  latter  includes  not 
only  the  lamina  cinerea  of  anthroiwtomy,  but  also  the  parts  afleni\'ard 
difterentiated  to  form  the  Columns  fornicis,  and  the  prcBcommissura,  with 
perhaps  some  other  parts  of  the  fornix. 

Hypocampa. — In  the  paper  on  Nomenclature  (.9,  125)  I  stated  that  this 
term  is  employed  by  Vicq  D'Azyr  (A)  in  the  descriptions  of  the  plates, 
although  the  more  common  fonn  hippocampus  occurs  in  the  *'List  of  ana- 
tomical t€rms,"  in  the  same  work.  At  that  time,  I  had  only  seen  the 
X>assages  in  the  description  of  pi.  vii,  fig.  1  and  3  ;  pi.  viii,  fig.  2  ;  on  p. 
61,  and  elsewhere,  where  the  French  form  hypocampe  is  used.  I  have  since 
found  several  passages,  as  the  descriptions  of  pi.  vi,  note,  and  plate  viii, 
fig.  2,  where  the  Latin  forms  hypocamptts  and  Itypocampi  arc  given. 

Vicq  D*Azyr  does  not  discuss  the  etymologj'  of  the  term,  but  .says  (A, 
p.  61),  the  **grande  hypocampe"  was  first  mentioned  by  Arantius  and 
VaroHus,  whose  works  are  not  now  accessible  to  me.  Even  Ilyrtl  (A. 
180),  does  not  seem  aware  of  the  use  of  the  word  by  Vicq  D'Azyr,  and  all 
other  writers,  so  far  as  I  know,  make  it  hippocapmus.  There  is  no  such 
word  as  xdfi7:o<;^  and,  if  the  original  orthography  cannot  bo  ascertained, 
hypocampa  is  to  be  preferred  on  etymological  grounds  ;  the  ridges  known 
as  hippocampus  m^jor  and  h.  minor  bear  no  obvious  n»semblance  to  the 
fish  known  to  the  ancients  as  hizoxdix-Koq  and  hippocampus,  but  the  larger 
of  the  two,  which  probably  first  received  the  name,  does  certainly  present 
a  most  notable  downward  curnattire,  such  as  the  Greeks  might  have  des- 
ignated by   uTroxa/jLTzrj. 


C.    A  LIST  OP  SOME  POINTS  TO  BE  ELUCIDATED, 

No  pftit  of  Oxt  cat's  brnin  is  thoroughly  or  fluffldenlly  undcntood.  uti 

nil  parts  aee'  motiogrnphic  treatment.  The  roHowing  poiate.  Itienrfore,  an 

>1wtM  tied   ise  the  deSfiaacies  In  our  knowlctlge  of  ihetn  luvc  been  mcW 

:tly  impresBed  upon  ine. 

.HH«on«. — abn. — HavetliealAiVdntiathcMmerulittlontotheCfllutniivfor- 

linis  which  ill  said  to  exist  in  the  human  braiuT   What  moilihiotl  or  l«liiml 

flcanc      IS  their  <legrce  of  separation  (him  one  uiothi^rT 

1VI  eU^^wiia. — Ar.  el. — With  what  ilo*9  this  corrcepotid  in  Dunand  thr 

lower  voriehrates  ?  If  it  repi —  ••■-  ■■'-■pa  or  "olivary  ttoily,"  fi*  pwiiim 

is  reversLHl  from  tlial  in  luan  in  reiai       to  the  appareoi  origin  of  Ihi"  .V 

hgpOf/lottlit. 

Areit  ocaiit. — Ar.  ov. — With  what  does  It  correspond  in  man  anil  xht 
lower  rf.rtebrates  ?  What  are  its  relations  to  the  seveial  colunuu  of  th* 
myttlon  and  metccicephalou  1 

yliii/i,—c.— Wlittl  are  its  precise  limifsT  In  the  cat.  and  other  fonns  villi 
a  large  medCanniHiinir'i,  this  comiuiseure  may  I>e  rvgnnled  as  it£  caudal 
boundary  :  but  In  man.  where  the  commissure  is  smaller,  and  in  the  iowtrr 
vertebrates  where  it  is  wholly  absent,  thr<  qumtiun  of  limitation  is  mon 
difllcnlt. 

A-i'ijdrTiii'.—^pT. — The  plcsiia  which  appears  ncnr  Uip  dorsal  enil  of  ihf 
aula  on  each  side.  This  plexua  ts  continuous,  througb  the  porUptamt, 
with  the  propUxa*.  and  apparently  also  with  the  diaplexus,  but  the  rcli- 
tlona  of  the  latter  are  doubifhl. 

As  to  the  plexuses  in  ftencral.  are  Ihey  formed  as  slated  by  Quain  (A, 
II,  ■l-tTi),  and  oilier  authors,  by  tlic  intrusion  of  Ihc  free  bonier  of  ih'' 
velum,  or  of  proctsscs  thereof,  slill  covered  by  the  entlj-ma,  inln  Ihf 
various  niviiies,  or  as  recenlly  slated  by  Mivart  (B,  2iiB)  ? 

"The  choroid  plexuses  of  the  Uileral  ventricles  are  (like  those  nfiL' 
thini)  nierelj-  portions  of  the  ependymji,  which  happen  to  be  very  VH^iubr. 
and  are  not  really  intrusions  from  without." 

This  stnienieni  is  so  jmsiiive  iliiit.  (hough  unsupported  by  fipire*.  "f 
dclaili'd  diwriplion,  I  forbear  to  iiffinn  Ihe  contrary.  So  far  as  I  can  jmlw. 
however,  l\\('  propUx-t'et  urc  iuirusinnn  of  Ihe  pia.  while  the  di'iflmi'i 
seem  to  rorrcspond  more  neiirly  widi  the  view  of  Miviirt,  In  the  onecii' 
the  fold  of  vplum  lieiirs  lo  il.c  fold  of  .-mlyma  llie  same  rclalion  which  ;;a  I 
nlidominal  visciis  liciirs  to  Ihe  visccnd  layer  of  periloneuni  ;  in  the  oibtr  j 
case,  the  plexus  may  bo  compared  lo  a  fold  of  omentum, 

Ciiriiin  (fornicis), — (■», /.— Ilow  nearly  constant  is  il,  and  what  is  itssif- 
nittcanci''^ 

C-i'idn  (tlriii'i). — erf,  «. — Is  it  distinct  in  lliccat?  Has  it  thcrelalion'd''- 
crihed  in  man  hy  (?uvier  (It,  III,  ,)1),  and  others,  and  more  recenlly  tai 
fully  hy  Pallon  (/,  i:!)  ? 

Spi(!:ka  says  (7)  :— 

■■I  liavei.'h>n(i(ledlhlsstruc1urfin  Ih 
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itself,  as  has  long  been  known  in  the  case  of  the  human  brain,  near  the 
Nutleus  amygdala.  Prof.  Wilder' s  term  is  the  only  admissable  one,  both 
as  being  descriptive  and  on  grounds  of  priority." 

Chtasma. — ch. — How  complete  is  the  decussation?  Of  course,  micro- 
scopic sections  must  be  made,  but  something  might  be  ascertained  by 
tearing  apart  the  fasciculi  after  proper  treatment  to  harden  the  nervous 
tissue,  and  soften  the  connective. 

Citnbia.^^mb. — ^Without  seeing  Gudden's  paper,  I  have  assumed  that 
this  is  the  "tracttis  tran^eersus  peduneuU*'  mentioned  by  Meynert  (A, 
737).  Something  of  its  course  after  it  enters  the  cms  may  be  seen  from 
microscopic  sections  ;  I  have  not  examined  its  dorsal  end. 

CommUsura  fomicis. — Cs.  f. — Is  it  constant  in  the  cat,  and  is  it  repre- 
sented in  man  and  other  mammals.     Is  it  a  true  commissure? 

Crista  (famieis). — crs.  f. — What  are  its  histological  composition,  its  func- 
tion, and  its  morphical  significance?  In  what  other  animals  does  it 
exist?    See  my  paper  (7). 

Diatela. — dtl. — ^The  roof  of  the  "third  ventricle.  "  What  is  its  histo- 
logical composition?  What  is  its  relation  to  the  velum,  or  the  pia  in 
general  ?    How  are  the  diaplexuses  connected  with  it  ? 

IHaplexus. — dpx. — Are  these  formed  by  the  intrusion  of  the  border  of  the 
velum,  or  by  only  a  fold  of  endyma?    See  auUplexus. 

Foramen  Ma^endie. — Fm.  Mg. — The  alleged  communication  between  the 
metacoelia  "fourth  ventricle"  and  the  "subarachnoid  space."  Does  it 
exist  in  the  cat?  What  are  its  exact  position  and  form?  Is  there  more 
than  one?    Does  it  permit  the  passage  of  liquid  in  one  or  both  directions? 

Flocculus. — fie. — ^Is  this  represented  in  the  cat? 

Hypocampa. — hmp. — What  is  its  relation  to  the  fornix  and  the  fimbria? 

Insula. — ins. — Is  the  "Island  of  Reil "  represented  in  the  cat  by  any 
distinct  elevation  ?    If  not,  what  part  of  the  surface  corresponds  with  it  ? 

InUroptici. — top. — Is  this  pair  of  lobes,  discovered  by  Spitzka  {4,  5, 
and  II,)  in  some  reptiles,  represented  in  the  cat? 

Lyra. — ly. — What  are  its  form,  extent,  connections  and  manner  of  for- 
mation ?    Is  it  in  fact  a  distinct  structure,  or  only  a  surface  ? 

Metatela. — mttl. — The  membraneous  roof  of  the  "fourth  ventricle." 
What  are  its  form,  attachments  and  histological  composition  ?  What  are 
its  relations  to  the  metaplexus  ? 

Myelon  &nd  metencephalon  (medulla).  Leaving  their  histology  out  of  the 
question,  I  have  not  been  able  to  satisfy  myself  regarding  the  relations  and 
nomenclature  of  the  visible  components  of  these  piirts. 

Pia  (mater). — pi. — Does  it  consist  of  one,  two,  or  more  layers?  What 
are  the  relations  of  its  layers  to  the  Flssura  media,  and  to  the  intervals  be- 
tween the  cerebellum  and  hemispheres,  and  the  cerebellum  and  medulla? 

Porta. — p. — In  my  paper  {3)  are  jriven  reasons  for  considering  that  there 
are  two  portse  leading  from  the  mesal  aula  in  the  two  i)roca*lia\ 

Prcegcniculatum. — prgn. — Is  there  not  some  external  or  structural  line  of 
demarcation  between  the  thalamus  and  the  pragenieulatumf 


Pateimu'. — plv. — Has  (his  auy  dislinct  rcpresenlative  in  the  catf 

QuailTana. — q. — Huw  constant  are  l\te  iat^qualilicB  of  tho  surtace  wliicli 
enable  ua,  in  some  cases,  to  ileQuc  this  area? 

Bailix  itUtrtneiHa  {Thiueneephali). — Bx.  in.— Ifl  tliis  ever,  in  the  cm,  a 
diHtinct  root  t 

Sfptuta  iueidum. — Spt.  lu. — Is  there  ever,  cxc«pt  in  man,  &ii;  space  it 
pieudoeitlia,  "fifth  ventricle,"  between  Sis  two  laienil  halves*  Are  Ihew 
hnlvfis  OTsr  separated  by  n  prolongation  or  the  pia,  or  only  by  connecliva 
tifisne,  or  uro  they  ever  actually  fiwed  so  that  the  true  nervoiiis  tissue  la 


SiUcut  habeiuE, — SI.  A. — Ta  the  linu  of  reflection  of  the  endymn  from  the 
tkalamiu  always  along  the  some  line,  or  at  the  same  distance  from  lie 
hsbena  t 

Tbnfa. — tn Is  the  "tania  Mmieuleularii"  AAietiuci  band  in  the  est! 

If  so,  what  are  its  relation  with  the  Hmo,  the  propiexus  and  flmbria? 

Termii. — i, — (lamina  teriuinalis) .  What  Li  its  histological  composition! 
Shall  the  name  be  held  to  apply  also  to  the  very  thin  imrtion  of  the  cu- 
phalic  wall  of  the  aula  between  the  prtKommCuiira  and  the  eriaUt  t 

ValpuX'i. — OT.— The  roof  of  the  longer  and  cephalic  imrt  of  the  epico-iit 
Does  it  conaist  of  true  nervous  liBsue,  wholly,  or  even  la  part,  eiceplinf 
at  the  place  of  allachnient  of  the  Ny.  trochltaretf  Is  its  octal  sarfacB 
corerod  by  pla!?  What  histological  changes  occur  at  its  connections  willi 
the  frrehfUain  and  poftoptiei  f 

Vdiim  (interposllum).— vi.— Wliftl  is  tlie  relation  of  this  to  the  folds  of 
pia,  and  to  the  thalami  and  fornix? 

D.— EXPLANATION  OF  THE  PLATES. 

All  of  tlie  preparations  from  which  llie  figures  are  dniivn  are  in  liie 
Museum  of  (.Cornell  University,  and  are  accessible  for  exauiinalioD  lo  tliose 
who  may  desire  to  verify  the  ftj^nres  or  the  descriptions. 

In  most  cases,  eacli  figure  is  based  upon  more  than  one  preparation. 
Encephalotomists  need  not  be  reminded  of  the  difliculty  of  obtaining  a 
preparation  wliicli  shows  many  points  of  structure  equally  well.  Since  the 
present  paper  is  only  gifncral,  and  does  not  aim  to  indicate  individual  pecu- 
liarities, or  those  of  sex,  breed,  or  a^e,  most  of  the  llgures  may  be  regarded 
as  representing  what  may  Iw  called  an  iiTeriige  cat's  braia.  It  is  obvious 
that  a  very  large  number  of  si>ecimens  would  need  lo  be  uirefully  cum- 
pared  iu  order  tu  coufer  upon  any  generalization  respecting  sex,  etc.,  a 
trustworthy  character. 

It  will  be  noticed  that,  excepting  when  there  was  some  special  reason 
for  a  contrary  course,  the  figures  have  been  uniformly  placed  in  one  of 
two  positions.  The  symmetrical  figures  are  so  placed  that  the  meson  cor- 
responds with  lliat  of  the  observer,  the  two  sides  being  right  and  left  like 
the  observer's  eyes.  The  unBymmetricul  figures,  representing  the  lateral 
jir  mesal  surfaces,  natural  or  in  section,  are  usually  so  placed  that  the 
cephalic  end  points  to  tbe  left  of  the  observer. 
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In  It  short  [miwr  (IT)  tlio  writer  liiis  prpviously  urged  lho(li'slrnl>ility  of  a 
uniform  poeilton  for  ADHtomical  figures,  and  auggcsled  tliat  ihe  head  end 
sliould  be  always  toward  the  lett.  As  is  stnied  iiIkitu,  wliile  this  stiemB 
to  be  most  ndvnntageniia  for  nnsymmetrieal  flares,  the  ayminetriml  ones 
are  more  easily  undurslood  and  uomjiared  in  the  position  whit^h  is  usual- 
ly given  them. 

The  obliiiulty  of  flg.  17  was  necessary  in  order  to  show  the  Fi»»itra  bg- 
poeampit  <n  Its  whole  length.  That  inch  a.  position  is  trndeslmble.  as  a 
rule,  maybe  inferred  Trom  the  unwonted  emphasis  with  which  it  was  con- 
demned by  Ihi?  itite  Prof.  Jeffries  Wyman  :— 

"The  photograph  is  fromnn  oblique  point  nf  view,  which  I  belieTe  people 
will  never  learn  to  he  a  bad  one.  If  the  view  had  been  full  front,  or  IVill 
aide,  or  full  anything,  it  would  have  been  belter  than  this." — The  Ameri- 
can Naturalist.  II,  6S. 

Moei  of  the  figures  are  twice  the  dinmctor  of  the  preparations,  and.  with 
the  exception  of  figures  1  and  2,  It  should  have  been  better  to  make 
thi.'  enlargement  four  or  five  diameters.  Aside,  however,  from  the  greater 
exi>enae  which  this  would  have  involved,  such  a  degree  of  enlargement 
would  have  rendered  it  not  only  possible  but  neceasiirj  to  show  eertain  de- 
liill>i  of  stnicturc  upon  which  my  information  is.  at  present,  imperfect. 

All  of  the  figures  have  been  drawn  from  my  own  prepnmtions  by  Misa 
O.  D.  Clements.  B,  S.,  at  the  time  a  student  In  the  Natural  History 
Course  lu  Cornell  University. 

Artists  anil  anatomists  who  have  undertaken  to  represent  the  deUills  ot 
Dlicaphalic  structure  understand  the  difflcutties  of  Ihe  task,  and  will  ad- 
mit that  the  omissions  and  Inaccuracies  to  wliich  attention  is  called  in  the 
dear riplions  are  both  few  and  unimportant  compared  wilh  the  general  thor- 
oughness of  the  work.  Indeed,  for  all  tlie  deficiencies.  I  hold  myself  much 
more  responaihle  than  theartUi.  by  whom  somt-  ofllie  figures  were  drawn 
at  least  four  timea,  iwicu  upon  slonc. 


Fig.  1. — TliB  dorsal  aspect  of  the  brain.     Enlarged  two  diameters. 

The  geoerul  form  and  some  of  the  fissures  are  drawn  from  prep's  388 
ftnd  380,  the  bisected  bmin  of  a  white  and  Maltese  $  :  but  the  dsaures  of 
the  right  hemisphere  arc  derived  from  several  different  preparatious. 

The  t.Ai"  alfnrinrii  <£.  ol.)  are  made  somewhat  too  prominent,  but  there 
is  considerable  dllTcreace  between  cats  in  this  respect,  ailhough  much  less 
than  between  dogs. 

The  general  features  of  the  ftrebtUum  (r-W.)  are  well  shown.  Tliu  LoH 
laUraia  (£.  1.)  have  only  a  fair  proportion  to  the  median  lobe  or  rermit 
(nn.).  itistead  of  the  preponderance  which  they  have  in  the  human  brain. 
The  lateral  contortion  which  characterizes  the  caudal  aspect  of  the  vermis 
in  adult  cats  (as  shown  in  my  paper,  10,  %'i\,  pi.  i.  fig.  1  and  3)  does  not 
■fltet  tLe  dorsal  part. 

u  multnerphalon  (micit.).  and  myeloH  {my.),  the  following  features 
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Bic  saown  :  The  Fintara  liariimetalii  (F.  ^m».),  iir  "Posterior  flusnre:" 
nxe  donilateral  fissure  {F.  4t.) ;  the  Cotamna  dm-titiU  (Cltn.  d.),  uiillliB 
Olm.  lateralin  (Clm.  i);  on  the  right  side,  thn  print^ipnl  trank  of  th«  Jf. 
tKtttariuii  (if.  ae,),  and  the  daraal  or  seosory  flmicol]  of  the  Ant  spfMl 
isrve  (JV'  ce.  1.), 

Ae  nirondy  stated,  the  fissures  of  the  hemispheres  are  diQcri>iilly  rapra- 
pented  upon  tho  two  sides.  The  combinaljoo  of  the  two  kinds  of  fi»ar«l 
armngi'meut  in  a,  siaglo  ligure  serras  to  illustmte  the  eirent  of  th«  iHfn) 
varislion  tiad  cotuijeusnlloa  to  which  iittentloD  woa  cnllcd  by  me  in  ISTS 
(HI.  232). 

The  iKMlsylvian  and  supcrsylvian  (^FF.  pi.  and  i.)  are  Teprespotcd  u 
unil«d  upon  the  left  aide,  but  separated  od  the  other.  The  juactiouii 
more  common,  hut  the  separation  is  sometimes  oompleie.  The  oae  a 
Bomewliat  similar  with  the  lateraUa  and  mtdilatenUi*  {fF.  I.  and  ml.). 
The  aiitate  Assure  {F.  an.]  presents  itself  in  so  many  fonug  that  il  is  rfiS- 
rult  to  determine  its  normal  condition  and  CMinncctions.  It  is  usiuUt 
Joined  witli  cither  the  lateralin  or  tlie  eoronalii  or  hotb  ;  when  scqnr:ile.  K 
often  is  triradintc  ;  hat  occAsionaliy,  as  in  prep.  2S4,  on  tlie  Inn  s\d*.  h 
forma  u  nearly  stmight  fissure  at  right  angk's  with  the  lateralis  and  cofw- 
nails,  and  wholly  inde|)endent  of  them  Ixith.  This  conditiao  la  Tejt*- 
senled  on  the  right  side  of  (ig  !.  Thi«  fissiirp  d^inanda  fuller  iiiv.Kilipi- 
lion.  especially  with  roferenn'  lo  it-  rciTcii'iiljiliiui  in  lUc  lititiuin  iimin 

ito  far  as  I  know,  the  Ibllowlng  junctions  of  lissares  whlcii.  on  some 
grounds,  may  be  regarded  as  fissural  integers,  are  constant  in  the  cal :  Of 
the  Thianl  (rA.l  with  poitrhinal  (prA,),  and  of  the  it/hinn  («.),  with  Ihf 
point  of  their  union  ;  of  the  guperorbiUd  ()">,),  with  the  riiijiiil  ■  of  !h<- 
fnUimnl  (*■(.).  Willi  the  bypoetimpal  ihiitp.),  and  with  \\Ui  preriidirnl  (jirnL], 

The  following  junctions  are  common  :  Of  the  diagonal  (rf^.).  with  ihf 
anterior  (ii.)  ;  of  tlie  poiUi/lri'iii  (ps,),  with  the  supcr/iylri'iH  (««.)  ;  of  ili^ 
iUPiHlnffr'il{»il.).  with  thn  I 'laiU  {hi.),  and  with  the  I'tUrnl  {/.),  or  ihr  .-"/.■ 
fiiiia  (rf.)  :  of  tlie  murgiiial  (mr.).  with  the  potUivtrgin.tl  {pinr.)  ;  .lud  of 
the  iniaile  (an.),  with  the  hitfrnl  or  furmat  (e«r.),  or  both. 

The  junction  of  the  fnici.itc  {/•'.  er.),  with  the  tptenial  (F.  tp.).  whH 
Guillot  1ms  sfum  once.  Krneg  twice  (h'riug.  2,  0201.  and  Piuiscli  (/i.  \h.Tfv 
time  out  of  frmrlcen.  \\i\*  been  ribserved  by  me  on  only  four  nf  the  nianr 
hemisplnTcs  cxiiiiiiiicd.  I  luive  never  seen  a  union  of  the  fpliiiiiit  wiili  itir 
poflrhiiKil  iprli.). 

I  liave  never  obiierved  the  union  of  ihe  anterior  and  posterior  fi**tin':  ii> 
form  the  "  lirst  or  lowest  arclnil  fissure  "  of  the  Canidie.  On  the  oilur 
hand,  as  staled  by  Krueg  (.'.(113),  andby  myself  (11.239).  this  union  s-tni.-- 
limes  fails  with  domestic  dogs  ;  hence,  in  this  as  in  many  other  n'jperiv. 
the  cal  presents  le-w  tendency  to  vary. 

A  jiinctuu)  of  two  fissures  is  usually  marked  by  a  less  depth  of  ihe  cm- 
pound  fissure  at  lliat  polnl,  constituting  a  concealed  "  transition  conv.iln 
tiou  "  or  "  pli  de  piissaire."  which  may  be  seen  by  seimrating  the  sidci  or 
by  slicing  off  the  cortex. 
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Fig.  2. — ^The  sinistral  aspect  of  the  brain.  From  prep.  288.  Enlarged 
two  diameters. 

The  Lobiu  olfactoritis  {L,  ol)  is  mide  somewhat  too  prominent.  The 
curved  line  upon  its  lateral  surface  indicates,  approximately,  the  boundary 
of  the  more  cephalic  portion  of  the  pero  or  ectal  layer,  whence  arise  the 
jVerci  olfactorii.    These  nerves  are  not  shown. 

The  features  of  the  Crus  olfaetorium  indicated  by  Im.  ein.  and  Im.  aXb. 
are  more  fully  shown  upon  fig.  3. 

The  NertiLS  opticus  {K  op.)  projects  from  the  ventral  margin  of  the  fig- 
ure, and  the  Fissura  Syloiana  {F.s.)  is  seen  dorso-caudad  of  it. 

The  ventral  end  of  this  fissure,  as  is  always  the  case  in  the  cat,  joins  the 
fissure  which  forms  the  dorsilateral  boundary  of  the  Tractus  olfactoriiis 
{Tr.  ol.\  and  the  cephalic  and  caudal  divisions  of  that  fissure  are  called  re- 
spectively rAi/iaZw  and  postrhinalis  (FF.  rh.  and  prh.).  So  much  of  the 
hemisphere  as  lies  caudad  of  the  F.  Sylciana  forms  the  Lobus  temporalis 
(L.  imp.),  the  ventral  extremity  of  which  is  the  LobiUus  hypocampiB  (LI. 
hmp.). 

The  cerebellum  (jM.)  presents  the  narrow  median  lobe  or  vermis  (ow.), 
and  the  Lobus  lateralis  {L.  I.).  Near  the  ventricephalic  angle  of  the  lat- 
ter, two  or  three  of  the  laminae  of  the  second  tier  project  as  the  LobuXus 
appendicxdaris  (lA.  ap.),  which  is  seen  better  in  fig.  3. 

The  nutaplexus  shown  in  fig.  3  {mtpx. ),  has  been  removed,  so  as  to  ex- 
pose the  prominent  Eminentia  auditoria  {Em.  au.),  whence  springs  the 
^.  auditorius  (-^.  au.). 

Just  ventrad  of  the  eminence  is  the  trapezium  {tz.),  and  cephalad  of  this 
is  the  pons  (pfi). 

Between  the  pons  and  the  hemisphere  appears  a  part  of  the  Crus  cerebri 
(^Cr.  cb.),  and  cephalad  of  this  is  the  slender  JV.  trochlearis  (A^.  <r.).  which, 
by  inadvertence,  seems  to  emerge  from  the  F.  postrhinalis  instead  of  from 
between  the  cerebellum  and  the  hemisphere. 

The  N.  trigeminus  {N.  trg.)  has  been  cut  short,  in  order  the  more  clearly 
to  show  that  it  emerges  just  caudad  of  the  pons,  and  not  through  it 
as  in  man. 

The  remaining  nerve  origins  are  indicated  only  by  dots.  Those  of  the 
NN.  glossopharyn^eus,  vagus  and  accessorius  {Ny.  gph.,  v.  and  ac.)  form  a 
series.  At  the  side  of  the  myelon,  near  the  dorsal  and  ventral  borders,  are 
seen  the  origins  of  the  first  cervical  nerve  {N.  cc.  1.). 

In  this  figure  the  fissures  are  accurately  represented  as  they  are  in  the 
preparation,  excepting  that  the  small  F.  lunata  (F.  In.),  has  been  added 
from  prep's  519  and  520.  The  small  F.  intermedia  might  well  have  been 
inserted  between  the  dorsal  ends  of  the  FF.  anterior  and  poatica  {FF.  a 
&ndp), 

Plate  it. 

Fig.  3. — ^The  basis  encephali,  or  ventral  aspect  of  the  brain.     Enlarged 
two  diamete  rs. 
The  proportions  and  general  features  are  from  the  brain  of  an  adult  $, 
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Mali^iee  and  white,  prep'B  288,  280.  Some  detaSl?  ol  the  AT-ea  prachiut- 
iniUUn  (tlip  region  cepliulad  of  the  chiaema)  are  Ttaia  4G1  and  527  ;  oT  Ibt 
Ar,  pmlpoHtiUt  (the  re^on  caadad  of  the  pons)  &oiu  358,  454  and  491,  and 
of  the  iniKraiediato  A.  cruritlit  froxa  423,  TiOO,  and  527. 

Most  of  the  nerves  and  cerebral  fissureg  are  lettered  on  the  right  side, 
and  most  of  the  other  parts  on  the  left.  Some  of  the  left  nerves  are  cut 
ahurti  and  the  left  N.  trockl&trU  ia  not  shown  at  all. 

The  Lobi  olfaetarii  {LI.  ol.),  and  are  made  too  long,  and  the  hgpopkjiti* 
{hpk.)  is  too  short. 

Attention  is  called  to  the  following  points,  chiefly  In  coinparlsoa  with 
the  human  brain  : — 

The  absence  of  a  distinct  Radix  intermedia  (Bj.  in  )  of  the  Unit  nifarfo- 
rium,  corresponding  with  the  ao-called  ■'middle  root  of  the  olfactory 
nerve  "  in  raun.  The  part  so  designated  upon  the  plate  is  apparently  only 
an  area,  comparatively  undiSerentiuted,  between  the  more  or  less  fibrous 
tracts  forming  the  Sadicei  metnlit  and  iateralit. 

The  turning  of  the  Rx.  imnaU*  (,Rx.  m*. )  over  the  margin  of  the  bmin  bo 
OS  to  appear  upon  the  meson. 

The  distinction  of  the  Ri.  tateraltt  (ite,  I.)  into  a  lateral  gray  and  a 
meeal  white  tract,  the  Liaui  einerta  (I^n.  Mn.)  and  the  Lm.  alba. 

The  great  extent  of  the  {_l,oen*)  prmperforaiiu  (prp/.y,  and  its  division 
into  a  cephalic  more  prominent  portion  (/^.  p.),  and  a  caudal  depressed 
portion  iPl.  d.).  Both  portions  are  "  perforated,"  but  the  degree  of  fur- 
rowing of  the  Ft.  proiiuntag  varies  considerably.  These  furrows  exist  in 
some  other  Cumivora. 

The  width  of  the  %p.>p/tj»(t(SpA,),  and  the  ere  nation  of  its  caudal  border, 
indicating  the  existence  of  an  ental  subspberical  mass,  which  is  covered 
by  an  ectal  layer,  the  thinness  of  which,  in  the  caudal  region,  permits  tlie 
contour  of  the  former  to  be  seen. 

The  slight  degree  of  separation  of  the  iitbir-niitia  iabn.),  which  arc  here 
nearly  concealed  by  the  byiwphysLS,  but  more  lully  shown  in  fig.  12. 

The  distinctness  of  the  eiinhia  (emh.),or  "tractat  trannertiit pfdunruli." 
which  is  better  seen  in  fig.  11, 

The  slight  extent  of  the  Une potfpfrforatu*  [ppf.)  ;  the  only  part  which 
is  really  "  perforated  "  is  a  small  triangular  area  just  caudad  of  the  albi- 
cantia,  and  partly  hidden  by  them. 

The  less  caudo- cephalic  extension  of  the  pon*  (pn.)  ;  this  exposes  more 
of  the  Area  ialcrcrurali*  (Ar.  ie.  >  than  in  man,  and  uncovers  the  trapezinm 
(tz.'),  which,  in  man,  is  wholly  concealed.  Connected  also  with  this 
feature  of  the  pons  is  the  fiict  that  the  N.  abducent  {If.  aM.)  passes 
directly  cephalad  from  its  origin  a  little  caudad  of  the  pons,  whereas  in 
man  it  is  forced  to  curve  around  the  caudal  border.  Finally,  the  N.  trigtm- 
inns  (N.  trg.},  in  place  of  emerging  through  the  pons  as  in  man,  arises 
wholly  caudad  of  it,  although  closely  applied  to  its  surface. 

The  greater  extent  of  the  Ar.  ertiralia,  which  may  be  ascribed  both  to 
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the  less  extent  of  the  pons,  and  the  less  degree  of  flexure  of  the  whole 
brain  at  the  mesencephalic  region. 

The  greater  width  of  the  Trdctus  postrhinalU  {Tr.  prh.),  which  includes 
the  surface  of  the  Lobulus  hypocampa  (LI.  h/np.).  In  man,  indeed,  this 
part  is  hardly  visible  on  account  of  the  prominence  of  the  convolutions 
laterad  of  the  F.  postrhinalis. 

The  apparent  origin  of  the  N.  oeulomotoritis  (K.  ocm.)  laterad  of  the 
meson,  and  just  caudad  of  the  cimbia  (cmb.). 

The  appearance  of  a  division  of  the  ectal  layers  of  the  pontile  fibres  into 
three  groups,  cephalic,  caudal  and  intermediate,  the  latter  partly  over- 
lapped by  the  other  two. 

The  appearance  of  a  faint  band  crossing  the  trapezium  a  little  obliquely 
between  the  origins  of  the  NK.  abducens  {K.  abd.)  and  facialis  {N.  /.). 
The  distinctness  of  this  band  varies. 

The  origin  of  the  N.  hypoglossus  (N.  ?ig.)  laterad  of  the  Area  elliptic^ 
(^Ar.  el.),  which  might  otherwise  be  taken  as  the  surface  of  the  oUca 
or  ''olivary  body"  of  man.  The  determination  of  this  point  involves 
some  comparisons  and  sections  which  I  have  not  yet  made,  so  I  merely  in- 
dicate the  part  by  a  descriptive  name  and  leave  the  question  open. 

The  close  association  of  the  roots  of  the  N^.  glossopfiaryngeus  {N.  gph.), 
Togus  (y.  ©.),  and  aecess&rius  (iV.  ae.).  The  long  caudal  nerve  is  of  course 
accessorial,  and  the  cephalic  funiculi  are  unquestionably  glossopharyn- 
geal ;  but  how  the  intermediate  funiculi  should  be  assigned,  I  am  not  yet 
sure.* 

The  marked  prominence  of  the  ventro-lateral  region  of  the  metence- 
pUalic  continuation  of  the  Columna  lateralis  myelonis  {Clm.  I.),  forming  an 
elevation  to  which  I  have  applied  the  provisional  name  Area  ocalis 
(^Ar.  oc). 

The  absence  of  any  superficial  decussation  of  the  pyramids  (py.). 
Hence,  the  F.  ventrimesalis  (F.  vms.)  or  "anterior  fissure,"  is  uninterrupted. 
The  F.  ventrilateralis  {F.  vl.)  is  deflected  at  the  caudal  end  of  the  Area 
tUiptica. 

Fig.  4- — ^The  mesal  surface  of  the  right  half  of  the  brain  (hemiencepha- 
lon  dextrum).     Enlarged  two  diameters. 

The  general  features  are  from  the  same  brain  as  fig.  3,  but  some  features 
are  derived  from  prep's  290,  304  and  454. 

The  surfaces  shown  in  this  figure  are  of  four  kinds,  as  follows  : — 

1.  The  natural  surfaces  which  are  covered  by  pia.  These  are  the  niesul 
aspects  of  the  hemisphere  (hem.),  and  the  Lobns  olfactorius  (L.  ol.). 

2.  The  natural  mesal  surface  (Ar.  spt.)  of  the  right  half  of  the  septum 
lueidum,  which,  in  the  cat,  is  in  contact  with  its  lateral  homologue,  or 
separated  therefrom  only  by  a  thin  layer  of  connective.  I  have  never 
observed  an  interval  corresponding  to  the  pseudocceliu  or  "fifth  ventricle  " 
of  man. 

•  In  a  paper  on  the  N.  vacus  In  the  cat,  presented  at  the  same  time  with 
tbis.  Prof!  T.  fi.  Stowell  has  given  a  fuller  account  of  the  relations  of  tliese 
nerves. 
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3.  Tlie  natural  endymal  surfftcM  (if  tlialrnii  imM*  or  ■•  ventriclnfl,"  fif 
course  tlie  "lateral  ventricleB,"  pr»>co!liie,  do  not  appear. 

4.  The  cut  aurfacea  of  tile  fymmfMum  anil  other  pitrts  wUich  crose  tlie 
meson,  or  lie  upon  it.  In  the  MrebisUam  (M. )  the  relative  areas  of  Ibe  ental 
oUki  and  the  ecial  einerea  forming  the  arbor  vUa  (orb. ).  are  iadicitiod  by  tlio 
Bhoding ;  w[th  less  defiuiteoesa.  the  alba  is  showa  in  the  ludlotvm  |(J.>.  ""> 

forniji  (/.),  the  jn-tKonnaunura  {preg.),  the  poslcomnileHum  (pt*.).  the  r^im- 
mittura  habmuavm  [c».  it.),  and  the  chiatma  (cA.).  The  section  of  the 
m«dieommuimra  (tuft.)  ahould  appear  aa  If  cotuposcd.  nt  least  chielly,  nf 
einerea,  but  no  attempt  has  heen  made  to  indicate  tlie  nature  of  the  cut  sur- 
foceeof  the  Oritta  fomitU  {Cra.  f.y,  the  Itrma  ((.).  the  hgpaphyii*  (hph.). 
the  ii\fnndilmlMm  (>>{/'.).  the  Ixaicmiiinitivra  {bet.'),  the  amarium  (m.).  the 
opbd  &»A pottoptioi  {op.  anApop.),  the  valr>ula  (jbd.).  the  Cruini  (VTrfrr)  (Or. 
cb  ),  the  metatela  (mtU.),  or  the  rest  of  the  epeni^phalon  and  ntcleii' 
cephaloa  (irtten.).  The  extent  of  the  tranarerae  fibre!*  of  the  porw  (jm.) 
should  have  been  represented,  at  loasl  approximately. 

So  much  ot  the  cephalic  boundary  of  the  avlii  (A..)  aa  intervenes  be- 
tween the  priKDnimUturo.  (priw.)  and  the  trinta  (Crt.  /.)  is  very  tliin,  and 
is  too  indistinctly  aliown  in  the  figure.  Neither  here  nor  at  any  other  point 
la  there  any  such  intemiption  of  the  wall  as  would  form  a  communication 
between  the  truecmiiiE  and  tlie  paeuduccelia  ortheectal  surface  of  the  brain. 
It  is  protHkble  that  the  presence  of  niich  a  communication  as  Is  ascribed  to 
the  human  embryo,  and  to  some  animals  in  Quain  (A,  II,  543),  is  due  to 
the  artificial  rupture  of  the  natural  connections. 

Attention  is  called  to  the  following  points,  chiefly  in  comparison  with 
the  human  brain  ; — 

The  appearance  of  the  Jix.  me»aXia  {Rx.  int.)  on  the  meson,  and  the 
presence  of  two  shallow  fissures,  poatradicalit  and  prieradicaiit  (FF.  prd. 
and  prrd.)  between  It  and  the  adjoining  surfaces  of  the  hemisphere. 

Tlie  large  size  of  the  commissures,  especially  the  nedicommiMura  which 
nearly  fllla  the  diactelia  (dc.). 

The  non-appearance  of  the  porta  when  the  meson  is  viewed  squarely  : 
it  is  doubtful  whether  the  human  "  foramen  of  Monro"  is  really  visible 
from  the  meson. 

The  less  e.tient  of  the  eaUotuin.  especially  of  its  rostrum  fmj.).  In 
Boine  human  brains  the  rostrum  does  not  extend  so  far  as  is  usually 
represented. 

The  darker  spot  on  the  section  of  the  hypophysis  represents  the  space 
occupied  by  the  ental  mass,  which  has  been  removed. 

The  relaliouH  of  the  pia  are  not  indicated  at  all,  and  are  not  well  under- 
stood, especially  between  the  cerebellum  and  the  metencephalon  and 
mesencephalon. 

With  the  exception  of  fig.  13,  all  the  figures  tipon  this  plate  represent 
the  natural  surfaces  of  regions  which  are  more  or  less  completely  conceal- 
ed by  other  parts  in  the  undissccted  brain. 
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Fig.  5. — The  cephalic  aspect  of  the  Prosencephalon  after  the  removal  of 
the  Lobi  olfactorii.     From  prep.  294.     Enlarged  two  diameters. 

The  hardened  brain  was  transected  at  the  FF.  postica,  so  that  the  prepa- 
ration includes  only  the  cephalic  two- thirds  of  the  prosencephalon. 

The  drawing  represents  the  preparation  tilted  up  so  as  to  expose  the  ven- 
tral aspect  foreshortened. 

As  compared  with  fig.  6,  this  might  well  have  been  made  of  the  natural 
size.  A  less  regularly  symmetrical  brain  would  have  been  more  instructive. 
One  of  the  Crura  oJfdctoria  should  have  been  divided  at  a  little  greater  dis- 
tance from  the  prosen. 

So  far  as  appears  in  the  figure,  the  fissures  are  remarkably  alike  upon 
the  two  sides  ;  the  left  F.  ansata  (F.  an.)  however,  only  the  mcso-cephalic 
end  of  which  appears  in  the  figure,  presents  the  somewhat  unusual  but  very 
suggestive  condition  of  entire  independence  of  the  F.  lateralis  (which  is  in- 
visible) and  the  F.  coronalis  (F.  cor.).  On  the  right  side  it  is  joined  by  the 
former  fissure. 

The  right  F.  nylHana  (F.  ».)  is  shorter  than  the  left,  and  presents  a 
slight  terminal  bifurcation  which  is  not  shown. 

In  consequence  of  the  removal  of  the  Lobi  olfactorii,  and  the  tilting  of 
the  whole  preparation,  so  much  of  the  F.  rhinalis  (F.  rh.)  as  lies  cephalad 
of  its  union  with  the  F.  mperorbitalis  (F.  so.)  is  practically  obliterated,  and 
the  remainder  of  it  is  so  foreshortened  as  to  appear  as  an  insignificant  in- 
termediate portion  of  an  extensive  u-shaped  fissure  formed  by  the  FF.  syU 
f)imui  {F.  s.)  and  superorbitalis  (F.  so.).  The  appearances  thus  presented 
arc  suggestive  in  view  of  the  idea  of  Meynert  (/,  12),  which  I  also  enter- 
tained at  one  time  (10,  225),  that  the  F.  superorbiudis  represents  the  "an- 
terior branch"  of  the  human  F.  sylmana,  and  that  the  intervening  part  of 
the  brain  corresponds  to  the  "operculum." 

A  slight  preponderance  of  the  left  hemisphere  just  caudad  of  the  F.  syl- 
viana  is  somewhat  exaggerated  in  the  figure,  and  the  Crura  olfactoria 
iCr.  oU)  should  differ  less  in  form  and  in  their  distance  from  the  meson. 

The  FF.  olfactoria  (F.  ol.)  appear  as  little  more  than  shallow  furrows. 

On  account  of  the  foreshortening  of  the  ventral  aspect,  the  line  of  sepa- 
ration of  the  Portio  promin^ns  {Pt.  p.)  and'the  Pt,  depressa  (])t.  d.)  is  indis- 
tinct. The  LL  hypoc^mpas  (LI.  hmp.)  on  each  side  has  been  flattened  by 
pressure,  and  is  so  represented. 

Fig.  6. — The  caudal  aspect  of  the  Prosencephalon,  with  part  of  the 
Diencephalon,  after  the  removal  of  the  other  parts  of  the  brain. 

From  prep.  202,  an  adult  9  • 

The  dien.  has  been  transected  so  as  to  leave  a  concave  surface  which,  at 
the  meson,  is  close  to  the  caudal  border  of  the  medicommissura  (mcs.),  but 
rises  at  the  sides  so  as  to  coincide  nearly  with  the  caudal  surface  of  the 
prosencephalon. 

The  postcommissura  has  been  removed,  and  the  slender  transverse  band 
iOs.  A.).   Just  ventrad  of  the  splenium  {sp.)  is  the  Commissura  Juxbenarum. 
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there  is  UHually  a  deep  notoU  whioli  may  be  tailed  llie  Ineiaara  hypiirampa 
(Jim.  hmp.). 

Ou  tho  left  Bide,  the  hemispliere  wiis  disapctcd  oil  bo  us  Ui  lisave  Iwo  tiii 
aiirfitcos.  One  of  these  aurfiicea  ia  plane  iind  uearly  Iiorizontnl,  nttd  Iii»rU 
ikboiit  tlie  level  of  the  dorsal  end  of  Qiapostgenifuiatiimijign.'i.  The  uthur 
is  ronvex.  nod  extends  from  the  cephnllc  border  of  the  former  obliquely 
to  the  ventral  surface  of  the  brain  ;  it  corrosponds  closely  with  tbec«ph;ilic 
border  of  the  Trattas  aptktu*  (7i'.  up.). 

The  loft  mcAiconta  is  cut  nt  about  the  middle,  and  at  ocarly  a  right 
angle  with  its  course;  hence  its  lumen  preBent^itacharaclerUtifcrescenlio 
section,  the  ectal  boundary  being  the  eonvex  aurface  of  Uie  hi/poeam-pa 
(,hmp.). 

Tlic  cephalic  luftrgia  of  the  modicomu  is  hero  seen  to  reach  lite  Burfni^o 
of  the  hemisphere  close  to  the  Traetii*  oplicM.  and  this  narrow  lloe  of  in- 
terniplion  of  the  Inie  nervous  wall  of  the  comn  conslilutes  the  rima.  The 
Bcale  upon  which  this  fi gore  was  drawn  did  Dot  permit  the  reltitionsofthc 
pia,  the  wfenw,  and  tlie  propUjoi  lo  be  sliown,  and  the  uadulations  of  Ihf 
octal  surface,  corrciiponding  with  the  FF.  hgp(teampm  AaAfinibTiit,  anA  tli(! 
/lufinla  and  fimbrin  are  hidden  by  the  projecting  postgenicui&tuui. 

Most  of  the  cephtilic  purtion  of  the  brain  hci^  lieon  remowd.  bnt  ilin 
Ibrtiii  ilfpre*»it  {PL  d.)  of  the  prt^ayfonntm  is  seen,  with  part  of  the  PI. 
prominirn»  {Pi.  p.)-  The  mmoral  of  most  of  the  ehianma  {ch.)  cxponstlie 
form  «nd  extent  of  the  SeceKui*  cpUdi*  (R.  "/>.). 

TheponJi  has  been  transected  obliquely,  and  its  aiudal  portion  reuiorwi 
together  wllli  the  rest  of  llie  epen.  and  the  luutenccplialon. 

The  left  Cna  (Cr.  cb.)  is  seen  in  its  whole  length,  excepting  a  snwil 
part  concealed  by  the  slightly  iirojectini;  cephalic  bonier  of  Ihe  i>on.J. 
The  well-marked  ciirUiia  (fioA.')  may  perhiips  be  regarde^l  aa  the  boiindary 
between  the  dioneeplialic  portion  of  the  crus  (Pi.  dka.)  and  the  mesen- 
ccpliiilic  portion  {Pt.  mtcn.),  which  more  directly  supiwrls  the  optki  ami 
pu'Ctiplkij  in  nian,  this  part  seems  to  be  almost  wholly  concealeii  by  llie 

The  right  iV'.  oculomolorias  (ilT.  ocni.)  ia  seen  to  emerge  from  Ihe  crti.'' 
just  caudad  of  the  mciKtl  end  of  the  cimbia,  and  just  latermd  of  the  S'llmt 
iateTCTiirnlit  liitenili»  {SI.  ic.  I.).  A  marked  longitudinal  ridge  of  the  cniral 
fibres  se(Kirnlcs  from  the  pottgenientnttim  {jxja.')  the  depressed  area  wliicli. 
from  it*  forming  appniximalely  Ihe  fourth  of  a  circle,  I  Imve  calleii  ilif 

The  albieantui  (oAn)  are  more  closely  united  than  in  man.  but  they  utv 
large,  while,  and  perfectly  distinguisliable.  The  shallow  furrow  between 
them,  togclhcr  with  the  u-shaped  furrow  which  forms  their  ccplutlic 
l)i>undary,  may  be  named  Saleut  trir'tdi-diu  (,SI.  trd.). 

The  hypophysis  has  been  removed  so  aa  lo  expose  the  Tuber  ditfrema 
{T.  «■«.).  and  the  thin  raised  margin  of  the  Fm.  iafundiiiiili  {Fm.  inf.). 

Just  caiidail  of  the  alliicnnlia,  and  partly  overhung  by  them,  is  n  suisll 
triiingular  depressed  space  wiih  distinct  perforations ;  this  seems  to  be  llie 
tiae pogtpei-foratus  (puf.). 
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The  entire  Arf^i  rrvraUit  may  lie  more  completely  exposetl  by  ivmovin? 
the  cerebellum  and  dorsidaciini:  the  medulla,  as  in  prep.  43o. 

Fig.  12, — ^The  d<»rsal  aspect  of  the  Metencephalon  or  Mwlulla.  show  in  jr 
the  metatela  or  rcxif  of  the  metaccelia.  From  prep.  397,  adult  :^,  ACA  and 
491. 

The  metatela  here  shown  is  apparently  independent  of  the  phi :  like  iho 
diatela  it  «eem«  to  cc^ns-ist  of  more  substantial  tissue  than  simply  i*ndyma, 
but  I  am  not  aware  that  its  microscopic  structure  has  Ih'cu  nsoertainoil.  I 
am  in  douht  re*pectinir  the  precise  limits  and  attachments  of  tho  nictat«'la. 
and  the  form  and  locatitm  of  the  "foramen  of  Ma jrendic."  llcnoo  thf 
figure  is  va^e  and  un«itisCactory  upon  these  jwints. 

Fig.  13. — Part  of  an  oblique  transection  of  the  Pr*>S(Micoph:iloii  and 
Diencephalon  to  show  the  form  and  position  of  the  eristn.  Fn>!n  prq>.  44 1 . 
Enlarged  two  diameters. 

The  brain  was  transectetl  obliquely  at  an  angle  of  about  4.")  dogn^cs  with 
the  general  longitudinal  axis.  The  plane  of  section  i>a'<sed  fn>in  a  ]>oint 
nc»jirly  dorsad  of  the  genu,  through  the  aula,  the  nietlicornua  aiul  the  albi- 
cantia.     The  figure  includes  only  a  part  of  the  cjuidal  asiH»ct  ot'  ilu*  ^^lice. 

The  dorsal  bonlere  of  the  hemispheres  are  divaricated  slightly,  and  the 
rallonum  (W.)  is  seen  crossing  the  interval  :  the  slight  notch  on  each  >i(lc 
just  dorsad  of  the  callosum  is  the  F.  caU/tsaU's  {F.  rL). 

The  ftriatn  ($.  $.)  are  seen  in  section  just  ventnid  of  the  latcnil  expan- 
sion of  the  callosum.  while  the  lower  part  of  the  tigiiro  is  (X'ciipiod  by  the 
thalami  ((h),  united  by  the  rMdicommiMHra  (mcs.).  Hot  ween  each  thala- 
mus and  the  corresponding  striatum  is  a  gnn^vc,  the  Sulcus  Ihnitnmi 
(SI.  U.). 

The  Columns  fornUU  {Clm.f.)  are  divided  nearly  at  a  right  angle  with 
their  course,  and  at  a  point  just  dorsad  of  the  rrUt'i  (rrs.  /.).  whit'h  is  par- 
ticularly well  shown  in  this  preparation.  The  open  spacj'  briwcrn  ilu* 
fornix  and  the  thalami  is  the  auln  (a.),  and  on  each  side  an*  the  porfir  (y>. ) 
leading  into  the  procaeiia.     All  the  plexuses  have  Iummi  removed. 

PLATE    IV. 

Unlike  those  of  Plate  III,  all  of  the  figures  upon  this  plate  represent  eut 
surfaces,  although  some  natural  surfaces  r.re  shown  also. 

Fig.  14.— *A.  ventricaudal  view  of  the  fornix,  with  tlu'  adjaeenl  jiarts. 
From  prep's.  507,  463  and  396  (adult  ^).     Enlarged  two  diameter^. 

The  pre[>;initions  were  made  whih^  the  bniin  was  fresh,  so  as  to  permit 
more  flattening  of  the  hemispheres,  and  consecpient  exposure  of  the  t'ornix. 

After  the  removal  of  the  rhinen.,  meten.,  e])en.  and  m<»sen..  th(»  thalami 
and  gcniculata  were  excavated  piecemeal,  sous  not  to  injure  or  displace 
the  fornix.  The  cut  surface  (*.)  at  each  sitlo  of  the  fornix  (/'. )  is  the  plane 
of  division  of  the  dien.  from  the  striatum. 

The  cephalic  end  of  the  i)roscn  was  then  sliced  down  to  the  level  of  the 
profrornmMsura  (prcs.),  which  is  seen  to"  send  a  distinct  fas<icnlns  toward 
the  rhinen.  on  each  side.     TIhju  the  right  hemisphere  was  sliced  obli(pu»ly 
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foniix  and  tlie  callosiira,  is  the  mesal  siirilice  of  Llio  riglil  half  of  tUc 
Sepftiw  liceidtem  (8pt.  (u.)  nnd  i«  in  coiiIbpI  wilh  ile  plaUlrope  or  laU'nil 
homologuG  in  the  undtaaected  brain.  Tbe  IhiclcnesE  of  the  lateml  Inminie 
constiluting  tlie  BBptTini  rendpr  the  adjective  Iveidtim  wholly  liiavnilieHblr, 

Fig.  17.— Tbe  mesnt  aspeet  of  tbe  right  hemisphere,  with  the  Lobiis 
olfactorius.     From  prep's  206  mid  401. 

Tlic  caudal  cUvisiona  of  H  balf-brain  svere  removeil,  and  the  tbftliimus 
cjirefuUy  OKOivnted  bo  as  to  leiire  uniiisturbed  iiie  fomii  (f.)  and  Uie 
fimbria  (fmb.").  In  this  respect,  this  flgare  may  be  compared  wiili  tbe 
leftbdiroffig.  14. 

The  special  object  of  tbisSgtire  is  loahow  llie  F.  hypoeamptr  (F.  hmp.). 
in  it9  whole  length  at  once.  So  great  is  the  ctirvntiire  of  the  pnrts  (bat 
this  is  poasitile  ouly  in  a  single  position  of  the  preparation  id  niiich  Itiir 
meson  is  foreshononed.  In  general,  this  figure  mny  be  compared  with 
thijge  given  by  Flower  (13)  of  the  rabbit  and  sht-ep. 

The  dorsfti  end  of  tliH  F.  hypor.ampm  is  seen  to  turn  sbarply  aronnrl  the 
gpUniuM  (»p.),  so  as  to  become  continuous  with  the  F.  eallotalis  (F.  ci). 
The  fiudota  (fid.),  is  wide,  and  devoid  of  denticul&tione,  but  is  crosticd 
obliquely  by  a  ghallon  fHirrow.  In  this  position  of  tlie  prcjiaraliijn,  the 
F.  fimiritr  {F.fmb.}.  appears  to  be  continuous  with  a  short  line  passing 
cephalad  to  a  point  ventmdof  the  callosum  ;  in  reality,  lioworpr,  this  latter 
line  is  only  one  of  Ihi;  markings  of  the  Tenlral  surt)ice  of  the  fornix,  and 
the  F.  fiinhri.p.  likp  thp  F  cnttosiUf,  lunis  sharply  dorso-cauibul  to  tcrmi 
natc  just  cephalnd  of  the  splenium. 

Fig.  18. — The  rii/ht  procaitia  seen  ftolu  Ihe  right  or  ectal  side.  Frum 
prop.  4M. 

The  right  half  of  the  brain  was  removed  in  successive  slices  until  nh.it 
remained  was  about  3  mm.  thick.  The  remainder  of  the  ttrvilum  v-»a 
then  everleil  from  the  praccrmi  {preu. ).  The  propUxat  {prpz)  \a  sligUtl j 
displaced,  but  tbe  ;)')rti  is  hidden  by  the  porftptePM  (ppr.).  The  uinii- 
coruu  (nicu.),  and  the  ht/poeampa  {ttnp  ),  are  shown  in  section  am!  iIip 
other  parts  will  be  readily  recognized  The  relative  height'!  iif  tin 
ojitieu*  (op.),  and  the  pottotpli-v*  (pop)  at  a  little  distance  from  tin 
meson  are  well  displayed.  Tbe  short  curved  line  at  the  cephalo  \ciiinl 
end  of  tbe  proctclia  represents  the  beginning  of  the  jwissage  to  Ibt  rliin  t 

Fig.  19. — The  left  prtieornii  nnd poriii  ixpoaed  Iroin  tlic  bft  or  kuI 
side.     From  prep.  495. 

This  flgure  represents  the  other  side  of  the  same  brain  ns  tlut  frc  m 
which  Fig.  IB  was  dmwn.  The  preparation  was  made  tn  the  «aiii( 
way,  but  iu  addition  the  jirople.xus  and  portiplcsu«  were  carefulh  inip[mi 
off  so  as  to  CNjiosc  the  porta. 

The  porfa  (p. )  is  seen  to  open  between  the  Cohtmnce  forrnei*  ( l^lm  f )  inil 
the  cephalic  end  of  the  thalamus  (Ih  )  The  orifice  would  appeir  bir,;ir  if 
the  preparation  liad  been  so  placed  as  to  leave  its  plane  parallel  with  the 
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The  membranes  could  not  be  shown  well  on  so  small  a  scale.  In  this 
and  in  the  previous  figure  the  fornix  is  seen  to  be  continuous  with  the 
Septum  lucidum  (Spt.  lu.)  which  forms  part  of  the  mesal  wall  of  the|>r<B- 
cornu. 

Fig.  20. — Transection'of  the /o^nw'aj  with  the  cm^«.    From  prep.  508. 

The  object  of  this  figure  is  to  show  the  decided  elevation  formed  by  the 
Crista  (Crs.  /.).  Only  enough  of  the  rest  of  the  section  is  included  to 
locate  the  crista. 
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In  bta  Report  Itir  ISIJD,  a»  BDtomoIoe>it  of  tbe  U. ».  Dept.  oT  AsrieollOK, 
tay  oolleBgiie,  Pror.  J.  Henr7Cotiuloek,«xprMaei  (p.  Hi)  bli  approval  otmM 
oniia  loimnmnleiil  torniB  prii|H)K«l  In  the  present  imppr  ip.  5.'H)  nnd  enllitoji 
tlicm  In  the  aeBcrlplJDDB  of  InsectB  therein  contained. 


Staled  Meelinij,  November  ^  1881. 

Present,  12  members  .iDd  7  visitors. 

President,  Mr.  Fkaley,  in  the  Chair. 

Mr.  Barbour  a  newly-elected  member  was  introduced  to  the 
President,  and  took  his  seat. 

Letters  acccjiting  membership  were  received  from  Mr. 
Cbiirles  J.  Jones,  Jr.,  dated  Augusta,  Georgia,  October  2fi; 
from  Mr.  Jedcdiah  IIotchkis.s,  dated  Staunton,  Virginia,  Octo- 
ber 31 ;  from  Prof  C.  L.  Doolittle,  dated  South  Bethlehem, 
Pennsylvania,  October  28,  and  from  Prof.  Mansfield  Merriman, 
dated  Bothlelicm,  Penn.'iylvania,  October  25. 

Ijctters  of  acknowledgment  were  received  from  the  Physical 
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Society,  Berlin  (103-105);  the  K.  L.  C.  German  Academy, 
Halle  (sets  of  Transactions  and  Proceedings);  the  Prague 
Observatory  (XVIII,  107) ;  OflFenbach  Verein  (XVIII,  107) ; 
Physical  Society,  (xeneva  (102-105);  Swiss  Society,  Bern 
(102-105) ;  Royal  Society,  Luxembourg  (103-105,  106,  107, 
List) ;  Royal  Society,  London  (105,  106,  List) ;  Victoria  Insti- 
tute (107, 108) ;  Literary  and  Philosophical  Society,  Liverpool 
(106,  List). 

Letters  of  envoy  were  received  from  the  Physical  Society, 
Berlin;  Saxon  Society,  Leipsig;  L.C.  Academy,  Halle;  Swiss 
Society,  Bern;  Physical  Society,  Geneva,  Miis63  Guimet, 
Lyons;  Zoological  Society,  Paris;  Geological  Survey  of 
India ;  and  Department  of  the  Interior,  Washington. 

Donations  to  the  Library  were  received  from  the  Academies 
at  Halle  and  Brussels ;  the  Com.  Geog.  Society,  Bordeaux ; 
Annales  de^  Mines ;  Revue  Politique ;  London  Royal,  Zoologi- 
cal, Geographical,  Geological,  Meteorological  and  Asiatic  So- 
cieties, and  Nature;  Mr.  Sanford  Fleming;  the  Canadian 
Journal ;  Dr.  Green  of  Groton ;  Silliman's  Journal ;  New 
Jersey  Historical  Society ;  Medical  News ;  A.  R.  Spoffbrd  of 
Baltimore,  and  the  U.  S.  Department  of  the  Interior. 

Dr.  Ruschenberger  declined  by  letter  his  appointment  to 
prepare  an  obituary  notice  of  the  late  Dr.  B.  H.  Coates,  on 
account  of  his  engagements. 

Dr.  Brinton  communicated  by  letter  a  paper  "  On  the  names 
of  the  gods  in  the  Kiche  myths,"  the  reading  of  which  was 
postponed  to  the  next  meeting. 

'*The  paper  is  an  exegetical  study  of  the  celebrated  myth  of  the  Kiche 
tribe  of  Guatemala,  known  as  Popol  Vuh,  or  National  Book.  The  original 
dates  from  the  latter  half  of  the  XVI  century,  and  was  first  published  in 
Paris  by  the  Abbe  Brasseur  de  Bourbourg  in  1861.  The  facilities  I  have 
had  for  its  study  have  been  principally  the  MSS.  grammars  and  diction- 
aries of  the  Guatemalan  tongues  presented  to  the  Society  by  Sefior 
Mariano  Galvez,  President  of  Guatemala,  in  1836.  Their  use  has  thrown 
new  and  important  light  on  the  significance  and  character  of  this  myth  ; 
and,  as  these  MSS.  have  never  been  published,  I  have  given  numerous 
full  extracts  from  them.  The  treasures  of  the  Library  of  the  Society  will 
thus  be  brought  to  the  knowledge  of  students." 

FBOC.  AMEB.  FHIL08.  SCO.  XIX.  109.  8s.      FBIirrSD  DEC.  81,  1881. 


Dr.  Newberry  communicated,  by  letter,  of  October  27lli,  ■ 
paper  "  Oq  the  Origin  and  Drainage  of  the  Great  Jjskea,"'  the   , 
reading  of  which  was  postponed  to  the  next  meeting.* 

Dr.  E,  R,  Heath,  present  by  invitation,  was  then  presented   ' 
by  Prof  Cope  to  the  President,  and  requested  to  describe  the  J 
manner  and  results  of  his  recent  exploration  of  the  river  Iten^ 
and  the  hitherto  unexplored  regions  of  Bolivia,  lying  to  the 
south-west  of  the  railroad  now  being  built   alongside  of  tLe 
rapids  of  the  Madeira  river.  i 

Dr.  Healli  cxliibiieil  ik  wnll  map  or  the  north-enat  course  of  the  BeM 

river  tliroiigU  Uic  ^rnnt  periodically  inuntlatcd  plains,  which  siretch  be- 
tween the  rast  fout  hills  ol  ilie  Anilcs.  and  ibe  moimiains  of  Braxil,  dova 
In  its  jiiDctLon  with  the  Mamoru  (coming  from  the  suucbj  to  Ibrni  Ibi! 
Mudeirn. 

Ha  exhibited  also  n  colliited  mup  of  the  water  system  of  the  Tppn 
Mudeira  waters,  and  dCBCflbeJ  the  correcliona  accessary  to  be  made  oo  the 
pu1)lished  maps  ol  Dnllvin.  i 

He  described  the  vast  forests  of  rubber  and  Brazil  nut  tre^ — trees  of  ' 
300'  height  when  mature — the  pninpaa,  scattered  over  with  sliralM  like  uof  i 
ecrub-oake — the  chaunsl  of  tlie  Bene,  alroight  as  a  whole,  but  tortnoiu  in 
detail,  wiih  ulluvinl  banks,  about  30  feet  high,  over  or  through  whirt. 
evi^ry  year,  Ihe  iniuidarion  spreads  over  the  whole  counlry,  leaving  hen 
iuul  tliere  dry  spols  on  whicli  the  Brazil  nut  grows^tbe  solitary  obstacle 
to  navigation,  iu  the  shape  of  low  gndssoid  roclts,  not  far  above  its  June 
lion  with  the  Madeira— ^iiid  the  couimerco  in  gold,  silver,  copjjor,  tin.  finf 
coffee,  cocoa,  vanilla,  caoutchouc,  Brazil  uuU,  cattle,  &c.,  which  niii  srwc 
day  nourish,  by  the  natural  route  of  tlic  Bene,  Sladeira  and  Anuiioo'. 
o|H'ning  up  Bolivia  to  the  civilized  world. 

For  800  miles  the  Bene  is  unvigable,  without  inlerrupiioo.by  stcainboai^ 
drawing  5  feet  of  water. 

Dr.  HeAth  described  tlie  various  tribes  of  the  counlry  ;  one,  as  w4>iiets 
Kuropcnns.  and  another  addicted  to  cannibalism,  and  grenlly  drcadeil 
along  the  river,  on  account  of  their  occasional  raids  for  the  purpose  of 
securing  viclims.  Neigiihoring  tribes  present  llie  most  diverse  facies.  In 
one  district  a  tribe  of  small  men  adjoin  a  tribe  of  very  tall  full-bodieil  | 
men,  and  next  to  liiese  live  a  tribe  of  tall,  meagre  and  cadaverous  men. 
All  three  of  those  tribes  speak  diSerent  languages.  Dr.  Heath  intends  ID  | 
make  a  comparative  study  of  his  copious  linguistic  notes. 

He  exhibited  several  sheets  on  which  were  his  drawings  of  some  of  the 
very  numerous  symbols,  or  picture  writing,  which  have  been  cut.  to* 
dcplh  of  about  an  inch,  probably  by  the  architectural  race  of  Cuico  snii 
late  Tiiicaca,  on  all  the  rocks  in  and  alongside  of  the  river  channels,  in  lite 
district  around  the  great  forks  of  the  Madeira.  He  believed  these  inserip- 
•  Thlfl  paper  Bill  be  printed  In  Vol.  xx.  No.  Hi. 
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lions  to  relate  to  the  navigation  of  tlie  river,  because  of  their  situations 
above,  below  or  at  the  water  level,  during  the  various  stages  of  low. 
middle  or  high  water.  Wherever  they  occurred  at  dangerous  points,  he 
noticed  that  duplicates  w^ere  cut  so  as  to  face  both  descending  and  ascend  - 
ing  boats,  and  the  relation  of  certain  marks  to  safe  low  water  at  such  and 
such  a  point  was  evident. 

It  is  probable  then  that  the  Bene  was  used  in  the  pre-Spanish  age  by 
the  race  which  has  left  its  noble  monuments  not  only  on  the  plateau  be- 
tween the  two  Andean  ranges,  but  in  the  ravines  by  which  the  head 
waters  and  branches  of  the  Madrc  de  Dios  and  Bene  descend  into  the 
plain.  lie  could  not  find,  nor  hear  of,  any  architectural  remains  on  the 
plain  itself;  but  he  was  informed  that  a  '"fort"  stood  on  an  island  in  a 
hike  which  occupies  part  of  the  triangle  between  the  Bene  on  the  north - 
"west  and  the  Mamora  on  the  east. 

The  plain  itself  is  astonishingly  level,  the  upper  reaches  of  the  Bene 
being  only  600  or  700  feet  above  sea  level.  [In  giving  his  own  exact  de- 
termination from  observations  with  the  mercurial  barometer  (and  supple- 
mentary aneroids)  extended  through  three*  years  at  El  Paz,  he  remarked 
on  the  falsity  of  former  determinations  made  during  transient  stops  in 
the  country  ;  one  well  known  point  being  put  variously  from  170  feet  be- 
loiCy  to  1700  feet  fihove  tide.  This  he  explained  was  due  to  the  fact  that 
while  the  mercurial  column  is  not  subject  to  ordinary  fluctuations,  and 
seems  for  weeks  at  a  time  to  be  quite  or  almost  stationary,  there  is  really 
a  steady  cyclical  rise  for  six  months,  and  a  corresponding  steady  fall  for 
the  other  six  months  of  each  year,  and  this  must  be  taken  as  the  basis  of 
all  meterological  and  hypsometrical  investigations]. 

Dr.  Heath  then  described  in  a  general  way  the  zoological  features  of  the 
region  ;  the  abundance  of  (harmless)  alligators  in  the  rivers  ;  the  absence 
of  snakes  from  the  forest  plain  of  inundation,  and  their  presence"  along  the 
margin  of  the  dry  districts  ;  the  wasp-like  severity  of  the  bite  of  the  ticks 
in  the  forests :  the  irritation  produced  by  the  abundance  of  parasitic  in- 
sects on  the  pampas  ;  the  incredible  abundance  of  bats  in  the  houses,  and 
their  thirst  for  animal  and  human  blood ;  the  numerous  species  of 
monkeys  ;  the  large  size  of  the  cattle  of  the  country  south  of  the  Bolivian 
(east  and  west)  divide  ;  the  change  in  the  voices  of  birds  from  harsh  in  the 
mountain  regions  to  melodious  on  the  plain  ;  the  anvil  bird  (tree  toad?)  ; 
the  organ  bird  with  its  diatonic  scale  of  eight  ascending  notes  ;  the  change 
of  the  plumage  of  paroquets  from  brilliant  varied  hues  in  the  northern  dis- 
tricts, to  a  general  pale  green  in  the  southern  ;  the  abundance  of  struthious 
birds,  and  the  incredible  quantity  of  ant  hills  in  the  dry  country. 

After  various  questions  asked  by  the  members  and  visitors 
present,  and  answered  by  Dr.  Heath,  it  was,  on  motion 

Resolved,  That  the  thanks  of  the  Society  be  tendered  to  Dr.  Heath  for 
his  very  interesting  and  important  communication. 


Prof,  so  then  made  ii  short  coramunioatioD,  placing  data 
on  the  kboard,  to  support  a  further  enlargement  of  ilic 
range  of  »  iplicatlons  of  his  photodynainio  theory  to  natural 
phenomena ; — and  the  meeting  was  tidjourned. 


Stated  Meetiwj,  November  18,  1881. 

tubers, 
Prefaili  ,  in  the  Chair. 

Mr.  Sbarplcss  a  thip  by  letter,  dateJ  Wesl 

Chester,  October      , 

The  Cincinnati  (jui^  nowlcdgod  receipt  of  Pro- 

ceedings No.  108, 

The  Cbapultepec   (  )f  Mexico   requesting  ex- 

changes, was  placed  on  uj  rreapondenla  to  receive  the 

Proceedings  regularly. 

Donations  for  the  Library  were  received  from  the  Eoyal  So- 
iMety  of  Tasmania ;  the  Geological  Survey  of  India  ;  ImjKjrial 
Academy  at  St.  Peterr^burg;  German  Geological  Society  and 
Society  of  Physics,  Berlin;  Natural  Science  Union,  Bremen ; 
Xeues  Lausitzisches  Magazin,  Gorlitz;  Royal  Saxon  Society, 
Fiir.'itliche  Jablonowski-sclien  Gesellschafl,  and  Zoologischcr 
Anzeigcr,  Leipig;  Hoyal  Grand  Uucal  Institute,  Luxem- 
bourg ;  Society  of  Physics,  Geneva ;  Vaudoise  Society,  Lau- 
.«anne;  Swiss  Society;  Anthrojiological  Society,  Zoological 
Societ}',  and  lievue  Politique,  Paris;  Revista  Euskara,  Pam 
plona;  Nature,  London;  Royal  Irish  Academy,  Dublia 
Rs-eex  Institute,  Salem ;  Boston  Natural  History  Society 
Museum  of  Comparative  Zoology,  Cambridge ;  Mr.  Aug,  R, 
Grote,  Buffalo;  Pharmaceutical  Association,  Historical  So- 
ciety, Franklin  Institute,  and  the  Editor  of  the  American 
News,  Philadeljihia;  Iteitartmeut  of  the  Interior,  and  "W.  J. 
Hoffinau,  M.  D.,  Washington;  Astronomical  Observatory  of 
Ghapultepeo ;  Geograi)hical  and  Statistical  Society ;  Editors  of 
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the  Revista  Mensual  Climatologica,  and  the  Revista  Cientifica 
Mexicana,  and  the  Ministerio  de  Fomento,  Mexico. 

An  obituary  notice  of  the  late  Wm.  E.  DuBois,  was,  by  ap- 
pointment, read  by  Mr.  Robert  Patterson.* 

Dr.  Brintoti  explained  to  the  Society  the  substance  of  his 
paper  on  the  Gods  in  the  Kiche  Mjrth,  the  Popol  Vuh. 

Mr.  Lesley  read  Dr.  Newberry's  paper  on  the  Origin  of  the 
Lake  Basins,  and  then  remarked  on  the  relation  of  Dr.  New- 
berry's claims  to  Prof.  Spencer's  discoveries  and  views.f 

Mr.  Lesley  gave  a  short  sketch  of  the  history  and  progress 
of  the  excavations  at  Assos  during  the  last  few  months,  under 
the  auspices  of  the  Boston  Archaeological  Society,  as  he 
obtained  it  in  conversations  with  Prof.  W.  R.  War^  of  Colum- 
bia College. 

The  minutes  of  the  last  meeting  of  the  Board  of  Officers  and 
members  in  Council  were  read,  and  the  consideration  of  the 
resolution  therein  was  postponed  for  the  next  meeting. 

Certain  valuable  manuscripts  were  ordered,  on  motion  of 
Dr.  Brinton,  to  be  placed  by  the  Library  Committee  in  the 
custody  of  the  Fidelity  for  safe  keeping. 

Pending  nomination  No.  935,  and  new  nominations  Nos. 
9-16  to  950  were  read,  and  the  meeting  was  adjourned. 


Photodyjuimic  Notes,  TV.    By  Pliny  Earle  Chase,  LL.D. 

{Read  b^are  the  American  Philosophical  Society,  November  4,  1881. ) 

91.  Photodynamie  Determination  of  Sun*s  Mass  and  Distance. 

In  Notes  5  and  23, 1  estimated  Sun's  mass  both  from  projectile  and  from 
simple  oscillatory  considerations.  In  the  former  note  I  deduced  the  dis- 
tance from  an  assumed  solar  density,  instead  of  taking  the  ratio  of  varia- 
bility d*  CX  mC.  My  conviction  of  the  importance  of  Fourier's  theorem 
has  been  strengthened  by  further  study,  and  I  accordingly  give,  in  the 
present  note,  the  coordinate  photodynamie  elements  which  may  be  simply 
deduced  from  it. 

If  we  regard  the  luminiferous  sether  as  a  nebulous  elastic  atmosphere, 
and  the  solar  system  as  a  partially  condensed  nebula,  the  nebula  is  not 
homogeneous.     It  contains,  in  addition  to  various  subordinate  and  com- 

•  ThU  paper  will  be  printed  In  Vol.  xx,  No,  111. 

tBr.  Newberry's  paper  will  be  printed  in  Vol.  xx,  No.  111. 


panilively  unlinportAnt  naclol,  two  principal  sjid  coDtrollin^  tiadfl  ol 
ni-'iirly  eqiut  denaily,  viz.:  Sua.  at  llic  priodpitl  centre  of  nuclcKiiun,  ud 
Jupiler  at  Mic  uieaa  nebular  centre  bolweca  Unuius  at  Hpojovc,  and  Stif- 
tune  at  peryove. 

The  oclioas  and  reorliont  between  tbese  controlling  nuclei  liave  priMlucol 
an  intermediaio  maximum  condentiation  in  the  belt  of  ilenso  planets,  wiih 
n  principal  mass,  Eartb,  near  tbc  centre  of  the  belt.  The  Bolar  radtaiioni 
lire  propagaied  with  tbe  veliicity  of  ligbt,  c^.  If  we  designate  Eanli's  oua 
by  m^  tbe  actions  and  rcactioDB  of  pbotodynamic  tm  ma  at  the  centre  of 
denslt;,  m,  p^',  produce  gravitaling  tendcncieB  towards  ibe  lini-ar  centre  of 
gravity  (J),  tbe  centra  of  linear  oscillation  (}).  and  Ibc  centre  of  ooaiol 
OBcllIation  (j),  .wliicb  vary  as  the  fourtb  power*  of  the  teodepcies  to  or- 
bital velocity.  These  tendencies  are  al!  satisDed  by  a  reacting  mass,  m,  =^ 
(|  X  i  X  ii'  n>,  =  f  r^rrr  of  Snn'"  ">■»»-  '^^^  photodynamic  clunrtvr 
DflbeosciUatoTT  «ii  «>ea  at  the  centre  of  condeniiation  isabown  by  tbe  fdl- 
lowlng  proporliooB : 


CD 


■  "H"**  ■  ■  "W 


m 


•v 


la  tbese  proportions  m„  Is  taken  oaClic  unit  of  mass  ;  Jupiter's  inaM.  m,^ 
nitT^»rs  T  P„  =  orbital  velodly  at  ceolru  of  condensation  :  r„  is  a  mean  pro- 
|x>rtlonal  between  v^  and  e_ ;  P,  ^  ratio  of  mean  photodynamic  projeciiiMi 
of  Sun's  centre  from  the  centre  of  gravity  of  Sun  and  Jupiter,  Sun's  semi- 
tliaiiicter  tieing  tbe  unit ;  p,  =  mean  photodynamic  projection  of  Ibt: 
t^cnlre  of  condensation  from  Earth's  sciui-aifis  major  us  a  unit ;  these  pro- 
like  tlic  gravitating  leudencies,  vary  as  Ibc  fourth  i>ower  of  orbiisl 


velMi 
If  « 


—  407.827  seconds,  and  g  r=  32.088  feel,  the  above  propor- 


r^-  180381,4       miles  =  21)9943.5       kilometres. 

r,  —  1841.017       '■      =  2903.75 

r„=  18.185       '■      =  20.205 

r,  =  18.473.5    "       =  29.729 

Pj=:  1.0158«0. 

p„  —  i.oum.f 

p,  =  02785700  miles  =  140320000  kilometers. 


432574.0 


696143  3 


=  214.490. 


sekwoir.'i  eallmate  {SmUhaonian  0>nlrti.,  232,  p.  SS),  Is  .a^izte  -  '-' 
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92.  Latent  Heat  of  Steam, 

The  maintenance  of  the  primitive  velocity  of  undulation  is  exemplified 
in  the  relation  between  the  projectile  energy  of  evaporation  and  the  energy 


^  gj. 


of  solar  rotation.    The  equatorial  velocity  of  solar  rotation  is  ~~"~.    The 

mean  rotating  velocity  of  the  locus  of  the  centre  of  gravity  of  Sun  and 

Jupiter  is,  therefore,  v^  =  "  *~'^~^'    The  centre  of  gravity  itself  does  not 

rotate,  but  its  action  produces  tEthereal  photodynamic  undulations,  wliich 
are  propagated  with  the  velocity  v  ,  which  is  equivalent  to  the  projectile  ve- 
locity of  evaporation,  v^ ; 

u  =  t> . 
p        • 

This  equation  is  so  important  that  it  may  be  well  to  give  the  calculation 

in  full : 

w^  -J-  w,  =  (2  X  3  X  4)*  =  331776  5.5208450 

1  year  =  31558149  seconds  =  t^  7.4991115 

^  =  2  ;r  a/''^  ^  ^^^^'^  "^'^^^  =  5073.6  seconds  3.7053158 

'      ^  fl^3  =  32.088  feet 

V  =03--rs=/'?L3»|  =23414.2  4.3694788 

p^=yr^z^  92, 785, 700  miles  7. 9674810 

f)„  =  U;^  =  ^  -^  497.827  =b  186381.4  miles  5.2704025 

^3  =  1.015866  .0068364 

p^  =  pj'  =  1.06499  .0273455 

Pi  =  (Po^o  -^  mr^  r^  =  1.06499  X  1047.879  r^  =b  1115.98  r„  3.0476566 

n   =/>5-^5.202796r„=i=  214.496  2.3314197 

T^  =  ^3  -^  n  =*=  432574.9  miles  5.6360613 

Vg^^  =  2  T^n^  r^-^ti  =  270.557  miles  2.4322592 

.  •  .°p  °=i=  tj  =  1.31405  miles  .1186113 

p        • 

From  this  equation  the  latent  heat  of  steam,  0,  can  be  readily  found,  by 
the  equations 

V,  =  V^gh 

_     K 

^  —  1389:6 
Solving  these  equations  we  get 

h  ==  142.064  miles  =  750098  feet  5.8751178 

0  ^  5390. 794  C  2. 7322280 

The  following  values  of  d  have  been  deduced  experimentally  : 

Favre  and  Silbermann  5350.77 

Andrews  535O.90 

RegnauU  5360.67 

Tyndall  537O.20 

Despretz  540O.00 

Dulong  5430.00 


03.  IiUernal  Xkierg^  ^  Itt. 
Accoi  I  [lie  kinetic  theory  of  gaaea.  llie  Inlemul  niovenients  o(  the 

particle!  «m  are  rectiliaear,  representing  a  total  ri*  tiea  of  itrojeelion, 

against  the  uaiform  teBlBlaDco  of  gnrit;,  at  about  )  X  1389.8  0  feel  =: 
180.42  miles.  Wliile  iJie  slenm  ia  condentted  in  tbe  form  of  vatcr  or  ice, 
[lie  Ini^rnal  energies  lend  ta  maintiiiit  a  opUeriuiI  figure.  Tlie  rcRDiiani 
oscilUiluns  (Note  23).  can  therefore  be  rtpreseoted  bj  a  conical  pendu- 
lum of  i  tUe  heigbt  of  total  pn:ijeclioo.  or  \  of  lUe  projectile  r\»  rira  of 
evHpomtion.  This  gires,  for  [he  rirlwal  fall  from  incipient  ehnliilinn  lo 
mini  congelation,  '  —  i  t  -=-  <•»  .«=  — '[es  ^  250033  feet ;  and  for  ihe 
lieat  of  sphericity  «, ;  I>educliii)i:  10(P  for  the  eiiHO- 

slon  from  tlie  freeiini  ,  wt- hnvc  70^.il31  for  the  '■klpol 

lic-ai"  of  ice,  OTllieli,  I  ioovoii»me  lu  internal  energy. 

The  folio 


fing  rnlue^  >>»< 

'xpi^ri  men  tally  : 

Desains  an,, 

»ye             TOO.  23 

Black 

70^.44 

Person 

80'.  00 

Hess 

801.31 

94.  Pmody 

(Tit  Of  Inertia. 

Much  of  the  difficulty  wbli  encountarod  in  trying  to  recon- 

cile the  ueljular  hypothesis  wivu  «.-iu»i  iminelary  arrangements,  has  arisen 
from  overlooking  the  difference  between  nuclcal  retardation  and  free 
orbilul  revolution,  lleriichcrs  doctrine  of  "subsidence"  removes  lliis 
diHicully,  and  an  examination  of  the  i^rimitive  planetary  belt,  before  any 
of  its  successive  divisions  into  astcroidal  and  intra 'ostcroidal  belts,  tno- 
planet  bells,  and  single-planet  belts,  shows  the  jihotodynainic  influence 
in  o  very  striking  manner.  The  limit  of  ])hotodynamtc  nrteUnl  rotation  is 
in  the nsteroitlal  belt;  Ihe  pbotodynnmic  limit  of  "subsidence"  rotation  id 
at  the  solar  modulus  of  light.  I  have  often  shown*  that  Saturn  represents 
the  pholodyuamic  conlrc  of  incrtial  moment;  in  the  division  of  inertia 
among  the  sevenil  belts,  provision  has  been  made  for  the  cbanjrc  of 
linear  inio  synchronous  conical  oscillations  (4  ;  1>;  for  the  change  of 
syn<hronous  into  orbital  oscillations  ((  oc  M)  ;  for  the  ratio  of  nebular 
radii  to  r.kdil  of  subside  nee -coll  isiun  (f);  and  for  the  relative  varialiililr 
of  cenlripelul  and  orbital  tendencies,  {g  oc  r,').    Hence  we  Bnd 

4^X  CS)*X  M,:m^::  F,  :  ». 
Substituting  the  values  of  T'^  and  r,  (Note  93)  we  get 

Jf.  =  3502.2  iH,. 
Besscl's  estimate  was  aiOl.e. 

95.   P/iol^dynamie  Centre*  of  Orarilg. 
An  interesting  approximation  is  shown  by  Iho  ratio 

3>  X  5  X  *".  :  mj  :  :  F,  :  tv 
•Note  12;  anU.xvm.iSl;  el  at. 
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The  ratio  of  the  foregoing  note  may  be  expressed  as  follows  : 

Combining  these  ratios  we  get 

3  wij  =  10  T?*,. 

Tlie  repetition  of  the  pendulum-ratio,  and  the  simplicity  of  the  har- 
monic factors  make  these  ratios  so  suggestive  that  they  seem  worthy  of 
further  study. 

96.   Universal  Energy  of  Light. 

It  may  be  well  to  state  the  principal  facts  which  are  embodied  in  notes 
90-95,  in  such  a  way  as  to  show  more  clearly  the  simplicity  of  the  rela- 
tions of  the  several  physical  velocities  to  the  velocity  of  solar  radiation. 


1. 


2. 


t?, 


V. 


,/ 


3.      -  = 


X 

p. 


3*  if. 


VI 


4. 

5. 
6. 


t 


27n^ 

«A  %  =  V  X  7 

v^  =  1?^  (Note  92) 

^K  =  9o  K- 
In  these  equations,  tj^  =  velocity  of  equatorial  rotation  which  Sun  would 

have  if  it  were  expanded  to  the  locus  of  a  particle  which  revolves  with  the  cir- 
cular-orbital velocity  p^ ;  by  the  law  of  conservation  of  areas  v^  varies  in- 
versely as  radius,  while  %  varies  inversely  as  the  square  root  of  radius ; 
i?s  =  Earth's  orbital  velocity. 

If  we  assume  i^  =  328470m„  we  find  h^  =  92476500  miles ;  n^  = 

ia5T(50  miles  ;  «,  =  18.412  miles;  w,  =  2986  ft.;  tj,  =  6916.2  ft.     The 

following  table  shows  the  accordance  between  theoretical  and  observed 
values  : 


1. 

Boiling  point. 

99.098 

1000 

Combining  heat  of  11,0, 

69319 

67616.  to  69584* 

<fo 

140.65 

140  lbs.  per  sq.  in. 

2. 

fs 

18.31 

18.41 

X  '  .« 

107.38 

106.67 

3. 

Latent  heat  of  steam, 

536. 0374 

536.0385t 

In  those  comparisons  I  liave  made  no  allowance  for  the  photodynamic 

projections  whicli  have  caused  orbital  eccentricities,  as  it  may  be  pre- 

•  See  Note  16. 

f  Mean  of  flfst  four  estimates  in  Note  92. 
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siinipd  t.lmt  they  havn  nffocK^J  dilTvreat  element"  In  diffVfrent  ynty*  a 

ditl«runt  ilegrees.     1  xilll  iliink  thui  the  tru<i  thIuo  nf  3f^  is  tiV>iit  one  ^ 

r,  grnMcr.  and  the  vftlu«orA„aliout  |  of  one  percent,  grenlvrl 


Wcbcr  and  Kohlrauocb  ilemouairated  the  Itiipurt&nM!  »f  pfiotlc  telodl}' 
in  electroDioilve  euergy,  by  mwiauring  qnnnOiy  of  el«!riricity  :  ThnmaiHi 
nnd  Maxwell,  by  munauring  eleciroiuotlre  force  ;  Ajrltm  und  Perry, 
by  incAsuiiiig  electrostatic  cnpsdly. 

07.  Mitnmain  Dermilj/  nf  Wattr. 

If  wc  let  w,  ruiiKsent  tlie  potential  velocity  of  water  «t  its  greatcol  deo- 

sity.  we  find  Itint  the  greatest  known  velocity  uf  ntliorna.1  w»ve^pro[Bp- 

tion  :  tlid  gretitcBl  known  giavitittlng  Tolcwliy  :  ;  Ihe  corresponding  dmi 

lar-orblial  velocity  :  the  potential  velocity  of  water  at  its  gresMMt  deiuitr. 

«^  ir^/a:  ;p,  ;«,  <1) 

Let  0  =   10(P  C.  —  water-temperatiirc    of   mnxlmuni   di-osily ;   ^  = 

Earth's  scmi-axie  major  =  nr„  ;  r.  =  Bun's  semi -diameter.     Tbrn 

.,=p,-- 497.827  (3> 

e,  =;  fi*  X  8  ff  pi  -t-  1  year  in  seconds  (3) 

t(,  =  l^SsA  =  v'2ffTx~l~8f^BO  ->-  >52>*n  (4) 

If  we  substitute  (3),  (8)  and  (4>  in  (1),  and  adopt  the  British  Nantksl 
Alinannc  estimate,  n  =.  314.43,  the  most  satisfactory  experimental  detcnni- 
nalions  of  fl  give  the  following  results; 


C.  Von  Xfiim,inn 

90^.33 

.55508  1 

Fliickcr  and  UciHsler 

96-20 

.55473 

G.  llrtgen 

OS.  13 

.5.'>4.'.3 

Joule  snd  Phty 

fiiir 

06.055 

.55433 

P.  Exner 

9G.055 

.55433 

Despruiz 

06.00 

.55410 

P.  llossetti 

03.93 

.55308 

It.  Kopp 

95.  U3 

.53303 

Mt'an 

90.076 

.35438 

IVTiiite  vervain 

emay 

hcadinHetl  for  Sun's 

ir  0,  thf  corrcsi: 

«nain{ 

;  value  for  Earth's  set 

03.746,800  milra. 


93,6 


1.100 


93,855,300     '• 

92.610.200     ■' 

03,619,200     ■■ 

"  02,502,700     " 

92,558,000     " 

02,.->54,liXI     '■ 

02,639,300     ■■ 

apparent  semi-diamclcr  anJ 

ni-axis  major  may  be  readil.t 


Many  of  llio  foregoing  relations  seem  lo  show  that  if  the  faclor  M. 
in  cleclric  dimensions,  has  any  pro)K!r  analogy  to  the  ranss-raclor  in  onll- 
nary  energy,  it  should  be  referred  to  the  particles,  or  the  most  uiinuiu  ap- 
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preciable  portions  of  lurainiferous'sether.  Professor  8.  P.  Thompson,  in  the 
Philosophical  Magazine  for  July,  1881,*  makes  the  following  noteworthy 
suggestion : 

"  flatter  has  dimensions  [M],  Energy  [ML^T"*],  and  Electricity  [m^ 

L'  T-^  J.    The  latter  value  is  obtained  from  a  consideration  of  the  Law  of 
Coulomb,  that  Q  X  Q  -^  L*  =  force  =  [ML  T-^]  ;  whence 

Q  =  [(ML«T-2)i]. 

But  the  dimensionsof  self  attractive  matter  may  be  similarly  considered 
by  Newton's  Law  that  —  M.M  -^  L^  =  force  =  [M  L  T-^],  whence 

M=:  [-L3  T'2]. 

And  if  this  value  be  put  in  place  of  M  in  the  dimensions  of  Q  above, 
we  get  Q=  ^V  —  1  (L^  T-2)T  a  quantity  whose  dimensions  differ  only  from 

those  of  M  in  being  prefixed  by  the  imaginary  quantity  ^Z — 1.  This  seems 
to  indicate  an  important  relation.  " 

99.   CJiange  of  State. 

In  the  Philosophical  Magazine  for  July,  1881,  Professor  J.  H.  Poynting 
discusses  "Change  of  State  ;  Solid-Liquid."  He  shows  that  it  follows 
from  his  "mode  of  regarding  the  subject,  that,  if  in  any  way  the  ice  can 
be  subjected  to  pressure  while  the  water  in  contact  with  it  is  not  so  sub- 
jected, then  the  lowering  of  the  melting  point  per  atmosphere  is  about  11 J 
times  as  great  as  when  both  are  compressed"  (p.  34).  In  Ilerschers 
hypothesis  of  nebular  **  subsidence  "  a  similar  action  is  implied,  the  nebu- 
lous or  athereal  atmosphere  corresponding  to  the  uncompressed  water, 
and  the  subsiding  particles,  under  the  gravitating  pressure,  corresponding 
to  the  compressed  ice.  In  a  former  study  of  potential  energy  (Proc.  Soc. 
Phil.  Amer.,  xvii,  98),  I  showed  that,  under  such  circumstances,  "the  in- 
crease of  radial  velocity  would  be  sufficient  to  produce  orbital  velocity  in 

the  periphery  of  a  stationary  nebula,  when  i/n=  i/2  (/t^-I),  and  n  = 
_  =  11.656854."    The  important  bearing  of  this  relation  upon  plane- 

tary  positions  was  also  shown  at  the  same  time. 

100.  Earth*  8  PJiotodynamic  Condensation, 

Jjet  i^  =  time  in  which  solar  superficial  gravitation  would  communicate 

the  velocity  of  light,  or  time  of  solar  half-rotation  ;  t^  =  Jupiter's  orbital 
time  ;  r,  =  Earth's  semi-diameter ;  r^  =  838.2183  r,  =  Earth's  synchro- 
nous radius,  or  distance  at  which  a  particle  would  revolve  about  Earth, 
synchronously  with  Earth's  revolution  about  Sun, 

Then.  ^.  :  ^s  —  ^s  ^  ^x- 

This  gives  12.81  days  for  t^,  or  25.62  days  for  Sun's  rotation,  which  is  J 

•Foot-note  page  17. 


wliieli  IF 


It.  givater  than  Lnpluoe's  estimite  nnd  tbnn  the  mean  rtiat 
iiwiti-il  by  oihor  phitindynamic  conefd "ration a. 


101.  EartU't  RigidUj/. 

Sir  William  Thonisoo  coac1ud«<l,  from  iuTestlgniiunB  of  liditl  ntilon  soil 
cqiiiuocliul  pi'eceBaion,  that  '  'thii  earth  as  a  whole  ia  macli  muro  rigid  Qim 
any  of  ihe  rocks  that  constititle  iu  ujiiwr  cruBi, "  and  that  the  m«s  iVtiX 
eflcctlve  rigidity  must  he  greater  tbaa  XhM  fi  glass.  The  incoiiKfsiency 
of  thl«  hypothesis  with  tlie  twliel'  ■>(  th«  lolcTnal  fluidity  of  the  earth  l«d 

tny   lo  queslloD  ft.     Gcq,  J.  Q.  Darnurd  (SmithsOQian  Coalribulinns. 


a40)  applied  the 

arlaes  from 

Assuc.  Hep.,  lam)  • 

conaideralioas  haMoi 

tor  motion.     Thu  si 
fluence  both  upon  mo  gyroHi 
the  rapidity  with  which  Ihcy 
stltiite  for  the  ineoticDivablv 
flCHt  discusaion  of  Uie  proWc^. 


pe  to  the  explanation  of  preeea- 
icrcdsc  iu  the  rate  of  precession 
ently  modified  his  views  (BriL 
liis  theory  of  vortes -atoms,  by 
introduced  LnU)  a  liquid  by  Tor- 
r'aves  must  hare  on  important  ia- 
pun  tlic  vortical  tundcncies.  and 
Led  may  perhaps  furnish  Ihc  sub- 
ch  seemed  to  be  ro(|iiircd  ia  the 


IQD,  Vttuptratare. 

In  Note  58,  I  gave  two  phbuiw^ i.^  estlmales  of  solar  temporalurc, 

the  second  being  3.07  per  cent,  greater  than  the  first.  The  second  esli- 
mnte  was  baaed  on  the  h3'pothesis  Itiat  the  whole  mass  of  the  Ijun  is  either 
fluid  or  gaseous,  so  that  every  jurticle  is  eonlinuiilly  yielding  lo  tcndi^Dcics 
toward  iBun's  centre,  towanl  llie  centre  of  gravity  of  Ihe  solar  system  and 
toward  the  iinmediute  centre  of  gravity.  If  the  whole  mass  could  be 
collected  at  Sun's  centre,  it  would  revolve  about  Ihe  centre  of  gravity  of 
the  solar  system  In  less  than  tliree  hours,  but  Ihe  rotation  on  the  axis 
which  partially  compcnsales  for  Ihe  tendency  to  revolution,  requires  about 
2-'>.5  days.  The  orbllal  motion  of  the  Snn  about  the  centre  of  its  stellar  bjb- 
tcm  fUrnishi^  a  slight  additional  compensation,  but  the  photodynamic 
stress  seems  to  be  mainly  represented  by  radial  oscillations  which  are  syn- 
chronous with  the  orbital  revolution  whieh  Snn's  centre  would  Tiave  if  it 
were  free.  The  potential  velocity  which  represents  such  radial  osrillalion?. 
is  that  which  would  be  aniuired  by  vertical  fall  through  half  of  the  diam- 
eter, or  perilielion  parabolic  velocity. 

lOS,  EarVC»  Tiiteraal  TcmptTaturt. 
The  small  mass  of  Earth  interposes  little  opposition  lo  orbiial  tcnden- 
cics,  and  its  greatest  velocity  of  axial  rotation  is  only  about  ^^  as  greai  ss 
its  solar  orbital  velocity.  If  Earth's  whole  mass  was  lioniogeneons,  gravity 
within  its  mass  would  vary  as  distance  tVom  centre,  and  the  nuvin  tendency 
to  orbital  velocity,  in  reaction  against  the  stress  of  lethercal  undulaiionj, 
would  be  represented  by  a  virtual  foil  through  |  of  radius,  or  990.7  miles. 


675  (cia„, 

Thta  ToprescDts  a  thtrinnl  energy-  of  990.7  x  fi380  -;-  1380.6  =  379482  cnl- 
oriee,  which  woulil  be  coiniuunicail.ed  by  a  tcmiiemturc  of  8764''.32  ('.,  or 
6775-^.78  P.  Tlte  leiuptTaturB  ul'  niflliiig  rock  is  psliuwlL-d  by  Sir  William 
TLouiBuu  (Thomson  nnd  twit's  Naiunil  PhiloB<i|)hy,  i,  App.  D.,  p.  71U) 
at  lOOdf'-'  K.  Notwltlistanding  the  crudeaoss  of  this  approxinialioa,  it 
ftbuwa  lliut  Uio  t<!iu|N>ratiirc  wliich  reprcseots  orbital  reuctions  Bgalosl 
Mitliereiil  slrou  is  of  iLo  same  urdi-r  of  nuigniludf  us  that  of  melted  rock. 
U)us  carroboratitif;  other  evidence  of  the  probable  fluid  coudilion  of  the 
greater  portion  of  our  globe. 

104.  Barotiietrie  Strain. 

Tlie  evidence  whirU  I  presented  in  1863  (Proc.  Soc.  Phil-  Amer.,  Ik, 
283^),  of  cyclical  aimoeplii'ric  strains  n-sultiag  from  the  ci>mbined  streasea 
of  priHsure,  inertia  nad  cluslldiy.  prcscnta  an  interesting  problem  for 
nmtlicmatiml  analysis.  I  conliiicil  myself  to  an  invesiigalion  of  mere 
uiuiUfricHl  results ;  in  m'neruli/.ing  und  extending  tlicm.  the  following 
FACTS  iii»cm  moBt  imponaut : 

1.  Tlnj  atmiMpherlc  ilaily  variation  of  solar  ur  terrestrial  conlriiteiai  in- 
ertb  is  eoinpamtively  insignificant. 

3.  The  variation  of  tungenlial  orbital  niolion,  between  noon  and  mld- 
Dighl,  Is  nliont  ^^  of  the  mean  motion  ;  the  consequent  variation  in  the 
moment  of  inertia  \a  about  ^f  of  the  mean  inuinenl. 

S.  Tlie  orbiiAl  niomcut  of  inertia  u  luora  than  4000  limes  as  giimt  as  Uic 
eqDatoriul  rotary  moment. 

4.  Tlie  combined  inQnences  of  elasticity  and  orbital  moment  of  inerUn 
lond  to  drive  the  atmoepberic  purticlee  away  IVoni  tlie  Earth  during  the 
fltat  und  third  qiinrten  of  the  day,  and  towards  tbc  Eurlb  during  (he  sec- 
ond and  fourth  quarters. 

5.  The  sum  iif  the  inslanlaneously  varying  tt^ndencies  reaches  a  uiasi- 
tnutn  in  Ihe  middle  of  each  quaner. 

*,  The  nitto  of  llie  mean  eiiuatorial  daily  variation  of  tlie  barometer 
(above  or  Iwlow  fta  mian  nltilude),  to  its  mean  allilude,  corresponds  vety 
dosely  to  the  rnlio  nf  equatorial  daily  rolAlion  (24,8M  miles)  to  Uie  sum  of 
Earth's  synodic  daily  gmvitatlng  reactions  against  Bun's  gravitating  oc- 
Uon  (8646(F  X  1S.044  ^  02HO  ^  22fi83300  miles). 

7.  The  time  of  maslmum  djslurbiuice  in  each  quarter  of  the  day,  is  do- 
lajred  about  an  hour  after  the  middle  of  tlie  quarter  at  tropical  stations. 

H  The  magnitude  of  the  disturbances  in  the  morning  and  afternoon  ia 
incrcasod  by  the  atmospheric  eipunsion  which  is  due  to  solar  heat. 

».  The  mngniinde  of  tho  disturbances  during  ihe  night  is  dimitiishod  in 
MCh  proportion  as  to  maintain  the  average  quortcr-diiily  elmngc,  which  la 
im*'''^  ^S  t''^  onions  and  reactions  of  elasticity  and  lacrtio- 

iG  tendency  to  description  of  equal  areas  in  e(|nal  times,  leads  op- 
Mtely  10  the  proportion,  especially  within  the  tropics, 

b  importlon  e  represents  tho  daily  barometric  range ;  <,,  the  aimual 


range  ;  r,  the  virliwl  raili 
of  annual  iuurUH,  Eitrlli' 


1(15,  Thf  St.  Btlma  Tr.»l. 

Themo»t  EXtonsiveandsatisfacroiylntertmpicjil  abscrvHtinn*  ttuIa{ipM 
to  linf  e  been  publisbed,  arc  tlioso  or  Qeu.  Babiae,  at  St.  He)«iia.  in  Uttnfc 
ISf^ST'S,  OBnot'sfoniiula,ff  =  33.174(l— -OOMflcM.  3(P),  gi»r»(f  =  3I.im, 
and  r  =  86400"  x  16.053  -*■  5280  =  33894000  iiitles,  Tlic  iiiwin  of  flie 
yenra' observation  gives*  =  .0«7  in.;  r,  =  .13S  in.;  r,  =;  ^j- =i  BSIMMB 
miles.  This  <Uffers  by  less  than  \  of  onu  per  cent.  Trom  the  greatesi  nlot 
tbat  aepms  likely  to  rusult  from  the  dual  dtscumion  of  Iho  obsprvatioa*  al 
the  last  transit  of  Venus,  and  by  less  llutn  |  of  one  per  cent,  from  the  rNaH 
that  has  been  indicated  by  some  of  th(!  recent  English  dtsrussionft.  The 
siiuplicity  of  this  relatiog,  in  the  ease  of  our  planet,  ie  perltap:;  due  partly 
to  Eitrth's  position  at  the  centre  of  condensation  in  the  solar  gj'ft^m. 


10(1.    OaMov*  Diffimon. 

Doeberelner,  in  his  researcbea  on  spongy  platinllDi,  occidcnLally  used  t 
jar  which  had  a  slight  crock  or  Assure.  Hi;  was  surprised  lo  And  llt&i  the 
water  of  the  pneuiuiilic  trough  rnae  inlo  llie  jrir  two  and  iwn-tliini  ind>» 
In  twenty-four  hours,  although  there  had  been  no  sensible  change  in  the 
height  of  the  twnimcler  or  the  heal  of  the  room.  This  observation  led 
Graham  (Cheinirnl  aitd  Physkal  Setcarchen,  p.  44  ;  Pliil.  ifitg.,  and  P^y- 
Ann.,  1833),  lo  the  experiment  from  wliich  he  deduced  his  law  of  gasi-oiis 
diffusion  :  "The  ditfusion  or  s|iontaneous  intermixture  of  two  giM'i  la 
conlact  is  elTccted  by  an  intercluinge  in  posilioD  orindclinilcty  luinul*:  vol- 
umes of  the  gases,  wliieh  volumes  are  not  ncccftsarily  of  eiiiial  luagniiudc, 
being.  In  ilic  case  of  each  gas.  inversely  prot>orliona1  lo  tin-  »4]uan'  rmw  of 
the  density  of  Uiat  gas."  He  aubscqucn'Jy  (Rmearehet,  p.  88  ;  Phil.  Trar,t. 
1840,  1849),  allowed  that  this  was  a  result  of  diffusive  velociiies  variin;: 
"inversely  as  the  square  root  of  Uidr  densities,"  referring  also  to  ■tho 
tbeorolica)  law  of  the  jmssage  of  gases  into  a  vacuum,  accordiDi;  lo  llif 
well-known  theorem  thai  the  molecules  of  a  gas  rush  into  »  vacuum  witli 
the  velocity  they  would  acquire  by  falling  Irom  the  summit  of  an  atuii*- 
pherc  of  the  gas  of  the  same  density  throughout  ;  while  the  height  of  fudi 
an  atmoBphere,  composed  of  different  giises,  is  iuvereely  as  their  i.peeifir 
gravities.  This  is  a  particular  case  of  the  general  law  of  the  mi)vemenl  of 
fluids,  well  established  by  ol>scrvation  for  liquids,  and  extended  by  anal- 
ogy lo  g.ises."  These  views  involve  all  the  consequences  of  equality  of 
tU  tiea,  in  cliemical  as  well  as  physical  actions  and  reactions,  and  tbey 
indicate  the  direction  in  which  we  may  still  look  ho|)efully  for  an  eslen- 
sion  of  our  knowledge  of  cliemical  physics. 
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107.  Kinetic  and  Static  Energies. 

Motions,  or  tendencies  to  motion,  Cj,  in  elliptical  orbits,  vary  in  the  in- 
verse ratio  of  tlie  distance  from  the  centre  of  gravity.  The  acceleration 
of  a  particle  by  any  given  mass,  g,  varies  inversely  as  the  square  of  the 
distance.  Orbital  velocity  of  a  particle,  v^^  varies  inversely  as  the  square 
root  of  the  distance.  Velocity  of  gaseous  diffusion,  v.^,  varies  inversely  as 
the  square  root  of  the  density,  or  inversely  as  orbital  time,  or  inversely  as 
the  f  power  of  the  mean  distance. 

1 
flr  oc    ^       oc  t)„* 

^2  oc  (— )    oc  tJo' 


^oOC   I—  I     OC«o 


ir) 


These  several  relations  all  seem  likely  to  be  involved  in  different  prob- 
lems of  chemical  physics. 


108.   Critical  Temperatures. 

Notes  58,  93-7,  102-3,  indicate  a  variety  of  thermodynamic  relations  to 
mass,  which  may  be  special  instances  of  a  large  class.    Circular,  parabolic, 

and  dissociative  velocities  introduce  the  factors  V^a  and  r,  and  tempera- 
tures vary  as  the  square  roots  of  their  representative  velocities.  Hence 
may  arise  an  indefinite  number  of  critical  temperatures.  The  two  which 
immediately  follow  Earth's  theoretical  internal  temperature.  Note  103,  are 
9582^.4  and  12009^.8  F.  These  temperatures  may,  perhaps,  have  impor- 
tant bearings  upon  questions  of  specific  heat,  and  specific  and  atomic  vis 
ffiva. 


109.    Harmonic  Spectrum  of  Arsenic  [and  T/MUium]. 

The  American  Journal  of  Science,  for  September,  1881,  publishes  Hun- 
tington's Arsenic  Spectrum,  printing  in  heavy  type  "  the  bands  which  are 
most  brilliant  and  give  character  to  the  spectrum.  The  other  lines  are  less 
constant  and  less  distinct,  and  m  some  instances  may  be  due  to  accidental 
causes."  **Upon  examining  the  spectrum  it  appeared  evident  that  thal- 
lium must  be  present  in  the  arsenic  in  large  quantities."  The  relations  of 
the  observed  lines  to  lines  which  are  in  harmonic  progression  are  shown  in 
the  following  table. 
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hAriuonic  lengtli  to  tbroiv  iloiibt  on  il8  suljjeclion  to  lihrmonic  iaSncnn. 
If  UiiB  line  were  omitted  altogether  in  the  calculation,  the  nnly  chuitx 
wonlil  lie  in  the  ftnirth  hnrmonic  divisor,  which  would  be  1.0834  iatni 
of  1.0835.  The  harmonic  wave-lengHw  would  all  remain  Uie  aunr  u 
above  given, 

110.  Meehanical  AtutkgUt. 
The  reaearchcB  of  Challis  nnd  Norton  have  shown  how  extensirelj  ibt 
vnrioui  operations  of  energy  may  be  reprceentod  and  aniiclpaicd  t>f 
applying  the  laws  of  fluid  motion.  My  own  fcineCic  invee^galioDs  bair 
liet-n  greatly  helped  by  my  apparalug,*  for  iinilaiing  the  "  liD<»  nf  furtr  " 
which  are  represented  by  atraospberic.  thermal  and  electric  currents.  Tbr 
telephone,  phonograph  and  photophone  rurnish  practical  il1ii-^tri(ii>ii~  if 
tiic  "  mechanical  polarizution  "  for  which  my  apparatus  w.is  ilcvi~i'ii.  M. 
C.  A.  Kjerkncs  has  lately  sent  a  communication  lo  the  Ficiirli  AciiimiT 
"»i.ir  i' imiUition,  par  lit  noie  hydrodyaamiq'ie,  tlet  itftioiin  iti'rfri'jii- 1  it  m  •_!■ 
netiiiiei."  As  the  indiealions  of  unity  of  force  increase,  there  will  !»■  aa 
increased  Citl)  for  the  study  of  such  analogies  with  the  help  of  meckmiol 

11 1,   SiiMilriit  and  Parametral  JTc/ifc*. 
If  ive  take  Sun's  semi, diameter,   Laplace's  limit  and  Earth's   na^cec; 
hicusf  as  the  elumuiits  of  the  sli'lltir-soUr  imriilioloid,  we  fled 
'i'  =  -P;^  ,D9o8534 
S  ^,10«00«7 
^Jl  =  ,^,0j0349 
Tlie  prrMluct  of  ilic  paniuieter  by  any  pamboloidal  abscissa  n-presonN  thf 
i'r>rri's[><>n cling  ordiaal  eu  ricii,  and  the  Inivs  of  harmonic   iiiiduhitinn  ir. 
ciaslic  media  lead  us  lo  look  for  uikIcs  in  accordance  with  the  living  fnrvf. 
Wfi  find  luiinerous  evidences  of  such  accordance  in  the  primitive  (unK^'^i 
ncbutii,  if  we  suppose  llic  nucleal  tendencies  in  the  axis  of  abscissas  lu  !«■ 

•  For  doscrlptlon  see  Proo.  .\mer.  Phil.  Soc.,  i,  ISl-ttk 
t  Note  4'i,  -jnle.  xlx,  416. 
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arranged  in  the  following  order ;  Neptune  (N),  Jupiter  {J),  Mars  ( Jf),  Sun 
(5),  Mercury  (Afe),  Venus  (T"),  Earth  (^),  Saturn  (Sa)  Uranus  (U), 
Let  subscript  1,  2,  3,  4,  5  designate,  respectively/ secular  perihelion,  mean 
perihelion,  mean,  mean  aphelion,  secular  aphelion.     Then 

1.  Subsidence  from  jV,  would  produce  a  rupturing  node  at  ZT^.*  Stock- 
well's  values  are,  iVj  =  30.034,  fT^^  20.044,  the  rupturing  locus  being  J  of 
30.034  =  20.023.  Newcomb's  estimate  of  JV3  is  30,070,  which  would  give 
20.047  for  the  rupturing  locus. 

2.  Midway  between  these  primitive  nodes  comes  the  primitive  nebular 
centre,  J^.  Three  of  Jupiter's  cardinal  loci  are  thus  approximately  indi- 
cated, viz.: 

(N^  —  lu)  --  2  =  4.995  ;  J,  =  4.978 
2  —  5.213;  j;  =  5.203 
2  =  5.425  ;  J^  =  5.427. 

3.  The  rupturing  locus  of  the  early  nebular  centre, «7i,  and  the  locus  of 
incipient  subsidence  at  the  centre  of  the  belt  of  greatest  condensation,  E^ 
present  the  most  significant  evidence  of  parametral  influence. 

j;  -f  ^5  ♦=  5.954  ;  2p  L\  =  5.950 

4.  Other  important  loci  in  the  dense  belt  show  a  like  influence. 

J^+  V^    =5.952 
j;  +  Me^  =z  5.975 
5.'  The  influence  of  the  parameter  on  other  fundamental  abscissas  is 
equally  evident. 


2p  Me^  =  1.770 
2pM^  =  9.066 
2pJf^  =10.333 
2pJ^  =29.622 
2p  8a^  =  59.504 


34  =    1.736 

Sa.,=  9.078 
>Srt5=  10.343 
iV,  =  29.598 
2iV:=  59.465 


6.  Simple  ordinal  influence  is  shown  in  the  relations  of  Laplace's  limit  (L) 
to  the  centre  of  condensation,  and  of  the  three  inner  to  the  three  outer 
planets,  if  we  take  Sun's  semi-diameter  (r^)  as  the  unit  of  measurement. 

l/2p  E^-^r^=  86.322  ;i:  =  36.366r„ 
V2pJ^  --r„  =:  83.238  ;  Me^  =  83.048r^ 
•2;>Cr,"-:T„  =  156.491  ;  F,  =155.184r^ 
V2pN^-i-r^  =  197.223  ;  E^    =  200.008r^ 

7.  A  similar  influence  is  shown  with  E^  as  the  fundamental  abscissa. 

V2p  E^  =  2.439  ;  E^  +  i/i  =  2.437 
2V^2^  JFs  =  4.879  ;  Jy^  =  4.886 

8.  Some  of  the  relative  nodes  show  simple  multiples  of  the  parameter. 

Ap  =  11.901  ;  N^  —  Ti  =  11.910  ;  ^7^  —  Sa^  =  11.945 

6p  =  17.851;   Ui  =17.688 

lOp  =  29. 750  ;  iV^  =  29. 732 

•  Ibid,  xvii,  100. 

PROC.  AMEB.  PHIL08.  SOC.  XIX.  109.  3u.      PRINTED  DEC.  31,  1881. 
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Its.  Molion  of  tfu  SoUir  8y»tem. 
ir  the  interalellar  psraboloid  (NoW  4fl)  were  at  rest,  we  shniild  h»T»  ^ 
=1  a  ;;  it  is.  however,  equivalent  to  5.975=,  I  can  think  of  no  other  maw 
for  this  iaereaae  than  the  fllisnhite  motion  of  the  ayst^'m  In  np^fr.  If  tlit 
spar^  imverBtd  in  a  quarter  of  a  solar  rotation  (6.377  dujrs)  in  eimihrif  in- 
cruiiseil  wc  have 

or  i  :  1,00877:  :  r„  ;  6.053&4r, 
Tills  would  give,  for  the  space  traversed  in  a  year,   — -  L~-     x  8-05S6lr, 
Dividing  bj  314. 4.1,  we  obtain  l.RlltH  times  Earth's  setni-axis  nujor.  Hff- 
ttchel's  estimate  of  the  annual  motion*  is  1.623  semi-axes. 

113.  Relation  htttMtn  JapUer'i  Matt  and  Ditkmee. 

The  original  tendency  to  relative  slability  in  the  posiijons  of  the  t«» 
[irinci)>almaBseH  of  our  system,  on  arconnlof  the  magnitude  of  Sun  and  thi 
iiobnlar-eentralily  of  Jupiter,  appears  to  have  made  Sun's  sarbce  Ac 
rupturing  locus  (secular- perihelion),  of  the  centre  of  gravity  of  t)w  tw* 
bodies.  Stockwell  gives,  for  Jupiter's  maximum  eccentricity,  .0608iTl; 
s(.<cular  petihelion  Is,  therefore.  .9391726  of  the  semi-axis  major.  If  vt 
accept  Beasi'1'8  ninsa.  we  flntl  1047.879  -~  .0301726  =  1115. 75r..  DivUiii.; 
by  S.303798,  we  Bnd,  for  Earth's  semi-asts  major,  214.45r„  which  btbe 
value  adopted  in  tlie  Brilisli  Nautical  Almanac. 

114.  The  Central  Sun. 

Tlic  true  culminating  alwcissa  of  the  slcllar-solar  paraboloid  (Note  481, 
is  Aj,  ^^  LM  T-  r„.  There  is  a  very  large  poiiible  uncertainty  in  ilie  dis- 
taucc  of  a  Ctiitauri,  and  even  if  we  talie  the  most  recent  and  careful  esii- 
mates  wu  may  set  down  the  probable  error  as  at  least  ±.04.  Mort-over. 
as  the  theoretical  variability  of  the  abscissas  is  princi|)ally  due  lo  virii- 
bility  of  u:thurcal  density,  A>  may  represent  any  point  in  the  orbii  of  a 
Centauri  almut  llie  centre  of  its  stellar  system.  Tlie  mean  R.  A.  of  t 
Ceittiniri  istilKiul  217^53'  niid  its  declination  60°21'S:  the  opposite  pole  of 
tlic  jHiraboloid,  or  the  theoretical  direction  of  Uie  "  Central  Sun,"  if  i>ur 
Sun  has  been  projected  from  a  Ceiilauri,  should  therefore  be  in  the  cf^n- 
slellation  CnssiO|ieta.  The  direction  of  Sun's  ap|mrcnt  motion  amnogllie 
tlxed slars has iH'en  variously  estimaied  between  R.  A.  3S2^53' and  261  ^', 
jvnd  between  N.  Dec.  38=37',  and  14026'.  Stnive's  result,  from  an  elabo- 
rale  di»iCHS9ion  of  the  proper  motions  of  392  stars,  was  R.  A.  261=33'.  P«, 
97=3(5'.  for  A.  D.  1790.  This  position  is  4051'  north  of  the  great  circle 
wliicli  is  at  right  angles  with  tlic  axis  of  the  Centaurean  para'ooloid. 

■  Outlines  or  Aatronomy,  SccU  S5i. 
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115.  The  MUky  Way  and  3fadler*8  Hypothesis. 

Sir  Jolin  Herschel*  objects  to  Madler's  assignment  of  "the  local  centre 
in  space,  round  which  the  sun  and  stars  revolve*'  to  the  group  of  the 
Pleiades,  "lying  as  it  does  no  less  than  26^  out  of  the  plane  of  the  galactic 
circle,  out  of  which  it  is  almost  inconceivable  that  any  general  circulation 
can  take  place. "  No  such  objection  can  be  urged  against  the  radius- vector 
of  the  Centaurean  paraboloid,  for  the  Milky  Way  divides  at  a  Centauri* 
and  it  traverses  Cassiopeia,  "its  briglitest  part  passing  about  two  degrees 
to  the  north  of  the  star  d  of  that  constellation."* 

116.  D(uly  Variations  of  the  Magnetic  Needle, 

Sabine's  discussions  of  the  magnetic  observations  at  various  stations  have 
shown  : 

1.  That  the  diurnal  variation  of  declination  which  is  due  to  the  Moon's 
action  consists  of  four  equal  or  nearly  equal  portions,  in  which  the  mag- 
net is  attracted  alternately  to  the  cast  and  to  the  west  of  its  mean  position. 

2.  That  there  is  a  striking  correspondence  between  the  lunar-daily  vari- 
tions  of  horizontal  force  and  of  declination. 

3.  That  in  the  nonual  variations  of  vertical  force,  the  lunar  day  is  also 
divided  into  four  alternating  periods  of  nearly  equal  duration,  in  two  of 
which  the  force  is  increased  and  in  the  other  two  it  is  diminislied  by  llic 
lunar  influence. 

4.  That  the  lunar-daily  variations  of  inclination  and  of  total  force  also 
constitute  double  progressions,  having  two  maxima  and  two  minima,  with 
alternate  periods  of  increase  and  decrease,  each  period  being  of  about  six 
hours'  duration. 

5.  That  the  solar-daily  variations  normally  constitute  only  single  pro- 
gressions, of  about  twelve  hours  each,  from  maximum  to  minimum  and 
from  minimum  to  maximum. 

6.  That  there  are,  however,  "nocturnal  episodes"  of  "retrogressive 
motion"  at  some  stations,  with  tendencies  to  a  triple  instead  of  double 
division  of  the  solar  day. 

I  have  shown,  by  experiment : 

7.  That  any  elongated  body,  when  exposed  to  the  action  of  parallel 
rectilinear  undulations,  tends  to  place  itself  in  the  line  of  those  undula- 
tions. 

8.  That  this  tendency  may  be  increased  by  giving  the  elongated  body  a 
slight  specific  energy  of  direction.  For  example :  if  the  gimbals  of  a  bin- 
nacle compass  are  so  held  as  to  allow  motion  only  in  one  direction,  and 
the  box  is  made  to  swing  on  its  free  axis  like  a  pendulum,  the  needle  will 
tend  towards  the  lino  of  oscillation. 

The  single  progression  of  the  solar  disturbances  (5)  and  the  double  pro- 
gression of  the  lunar  disturbances  (1 — 4)  indicate  a  difference  in  the  char- 
acter of  the  chief  disturbing  influences  of  the  two  bodies.    It  is  difficult  to 

•  Op.  dt.  Sect.,  861, 789, 787. 


it  for  BUch  dllT«rence  by  any  theory  or  msgnelic  iadiicliun'  I'  ^ 
eviilem,  hiiwurer,  llial  Snn'a  llienuiil  disltirlmnce  of  Enrtli's  a-Uitrwii oif- 
rnnis  ig  greater  Uiua  Moon's,  while  BIood'b  Udal  disturbance  of  lh<  nnc 
currBnU  U  grealer  than  Sun's. 

117.  MagHeUc  Variotiaat  at  St,  Hf-kna.  j 

t^t.  Helenu,  on  account  of  its  inaular  poslilon,  lis  pruxiuiiiy  tu  ib«  iw^ 
nsiic  equator,  its  largu  UorixunUl  force  aud  iho  Urgu  proponhin  of  loul  j 
forcB  which  Is  reiiresentcd  by  the  hnrlKontal  forcv,  !»  fn^«  trow  man;  of 
ilic  local  compliCBttuns  which  DDeii  muak  ihe  noruial  action  of  ili<>  t^ua  aod 
Moon.  Moreover,  the  comparatively  long  periixl  of  BysteniatU-  obwtiv 
tiuns,  the  cxtensiou  of  the  ohscrvalJnnB  to  ttio  Ulnar  action  on  llu'  toro- 
niBtrr  as  veil  as  on  tlio  magnetic  uecdio,  the  unifurmily  of  the  indicslkno 
In  different  years  and  in  dlftorent  BcniPstcrs,  and  the  symmMry  •hk* 
is  traceable  belweon  the  lunar  almosplivric  and  mamneiic  disturhaocte,  an 
ndditlonal  reasons  fur  regarding  It  as  a  typical  station  for  Ibe  (tudr  <rf 
gravitating  influcnee  on  DBlhcrcul  wavos^ 

118.     Comparative  Tdhk. 
The  difference  between  the  solar  and  lunar  d  la  turban  res  \i 
ft)Ilowing  synoptical  table.     The  magnetic  data  a 


Ibt 


11  the  secvail 
s  of  the  St,  Helena  Obiervalions,  pp.  xlii-xliv  iin.l  hiii-lvii  ^  tlit 
barometric,  from  the  first  Tolume,  pp.  84,  09.  The  barometric  rofi'M  in 
given,  in  order  to  make  the  table  homogeneous  and  faciliiaic  comparison. 
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Solar 

Disturbances. 

• 

J3 

Bar. 

V.  F. 

H.  F. 

T.  F. 

14 

—0566 

—224 

—0405 

—38 

15 
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32 
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4-0813 

—582 

+0130 

+03 

21 

+1202 
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;  Disturbances. 

• 

Bar. 

V.  F. 

H.  F. 

T.  F. 

e\ 

.000 

.0000 

.0000 

.0000 

0 

+619 

—05 

+06 

+05 

1 

+523 

+27 

03 

01 

2 

+300 

+31 

11 

05 

3 

035 

+44 

14 

—06 

4 
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5 
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+41 

—14 

06 

G 

—749 
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+01 

7 

619 

+28 
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8 

—290 

—12 

00 

—02 

9 

+007 
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10 
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+  06 
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23 
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119.  Magnetic  Correlations. 

[n  studying  the  above  table  for  a  proper  interpretation  of  its  indications, 
I  can  follow  no  better  clew  than  the  known  correlations  of  electricity 
d  magnetism,  which  may  be  classed  under  the  following  heads  : 

a.  Friction. — Thermal  and  tidal  currents,  combined  with  the  resistance 
the  Earth's  surface,  must  produce  atmospheric  friction. 


OUWM.}  *^0*  ISo»  t 

j9-  Chemlfol  Aclion. — Thi;  cv^idcnces  o(  incMsnnl  dissociation  and  i««)- 
andnttnn  in  the  solar  pliotospherc.  arc  fw  condusWe,  tliat  rbemical  ariioo 
may  he  Tery  properly  regarded  aB  an  important  sourc<>  of  (ipecillc  wto 
magnetism. 

J-,  Light, — The  nuracricftl  equivalences  between  Turious  formf  of  tonii- 
noiis,  grftvitaiing,  and  eleclro-magnelic  action,  are  so  niriking  »«  to  justifr 
Maswell  in  tlic  assertion  that  "the  prtipenies  of  tlie  elect m-mi^nrtir 
niwllum  are  iUenticol  with  lliose  of  the  luminiferonB  medium."* 

3,  JTnai. — Ediund  has  shown  that  tunny  of  the  phenomena  of  heal  and 
electricity  may  be  explained  by  the  hypothesis  of  two  forms  of  uotion  in 
the  same  elastic  iclhereal  niediuni. 

f,  R-ilatioa. — Arago.  Babljnge,  Ilereciiel,  Bni-low,  Cliristic,  Cha«e.  ind 
Perry  and  Ayrton,  liuvc  shown  tliat  simple  rotJition  produces  niBgDcIira! 
disturbanceE  which  are  governed  by  tlxcd  laws, 

^.  Oratitation. — In  addition  to  tbc  relation  wliirli  I  bare  shown  loctiM 
between  solar  rotation  and  luminous  velocity,  it  is  evidcni  tlmt  elvctricity 
must  he  modided  by  pressure  and  by  sueli  cliauges  in  Ibe  relative  distanco 
of  oleelrifled  purllclea  as  are  produced  by  dlaturbani^es  of  graviialingeiiiii- 
librium. 

n.  OurrenU. — A  comparison  of  oceanic  currents  with  the  cotidal  Wan. 
the  lines  of  isnhoormal  lemperature  and  The  magnetic  lines  of  eqtttl 
declination,  showa  such  points  of  resemblance  as  to  make  it  probable  itMt 
they  are  all  due  to  the  aclion  of  the  Slime  forces  upon  difterent  modin.  or 
under  different  circumstances.  Cbailis  has  found  that  if  all  the  ordiuiy 
central  forces  arc  due  to  transformed  (ethereal  vibrations.  "  the  actions  of 
siucli  forces  on  atoms  arc  in  every  instance  attribulablc  to  aUitrtftl  r<irr-i^. 
whether  (he  atoms  be  iinineiiMcti/  acted  u^wn  by  steady  motions  iif  tbe 
»ther  or  by  lulbercal  vibr.itioiis."  f 

130.     Compitriioit  of  Solar  Diiily  MagneUe  and  Meleoralogical  Mfins. 

The  solar-daily  maximum  of  verrical  force  at  St.  Helena  is  ci>inndrDt 
with  the  daily  barometric  miuimimi,  as  well  as  with  the  minimum  of  in.-^ 
ous  pressure  and  of  mean  pressure  of  the  wind.  The  daily  minimum  of 
vertical  force  (30h)  is  approximately  coincident  with  the  daily  maximum 
of  the  barometer  (S3  b>r  of  gasetms  pressure  (31  h),  and  of  wind  pre*.-urT 
(33-33  b).  Tlie  most  rapid  increase  of  vertical  force  is  between  23h  an.l 
K  b.  when  Ihc  barometer  is  falling  and  the  gaseous  pressure  diminishini:^ 
the  most  rapid  diminution  is  between  7h  and  10 h.  when  the  bammettrii 
ri'iinE  and  the  gaseons  pressure  increasing.  Tlie  range  of  loial  force  hf- 
tw.'en  no.m  ami  midnight  (.000!)3  +  .00043  —  .OOlIiS).  is  of  the  tanif 
onier  of  magnitude  as  llie  daily  range  of  solar  disturbances  of  weight  or 

pressure  (  „-  ^:  .000015,  which  is  added  at  midnight  and  subtraeied  ii 
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noon,  making  the  total  range  .00128).  The  arithmetical  mean  of  any  cu- 
mulative disturbances  whicli  are  occasioned  by  the  accelerations  and  retar- 
dations of  alternate  half-daily  fall  towards  and  rise  from  the  Sun,  should 
occur  at  12h  -h  v^a~frora  midnight,  or  at  8h.  29m.  A.M.  and  3h.  31m.  P.M. 
These  hours  correspond  very  nearly  with  those  of  mean  disturbance,  both 
in  the  horizontal  and  in  the  total  force  : 

Noon.  12P.M.  Mean.  Time  of  Menn. 

H.  F.  +.001099  —.000481  -f. 000309  8h.  31m.  A.M.;  3h.  16m.  P.M. 
T.  F.     +.00095      —.00043      +.00026      8h.  45m.  A.M.;    3h.  42m.  P.M. 

The  greatest  observed  deviation  from  the  theoretical  times  is  16m,  in 
the  morning  mean  of  total  torce  ;  the  least,  2m.,  in  the  morning  mean  of 
horizontal  force.  The  mean  deviation  of  horizontal  force  is  8.5m.;  of  total 
force,  2.5m. 

121.  Lunar  Daily  Comparison, 

The  lunar  disturbances,  both  of  the  barometric  and  of  the  magnetic  means, 
are  of  a  higher  order  than  can  be  accounted  for  by  mere  disturbances  of 
weight  or  pressure,  or  by  any  other  known  activity  of  our  satellite  ex- 
cept the  accumulation  of  energy  in  currents  (yf).     We  have  no  reason  to 

think  that  the  moon  exerts  any  specific  chemical  (/9),  luminous  (^),  or 
thermal  {S)  influence  of  her  own,  but  her  tidal  disturbances  of  the  elas- 
tic or  ^rt^^i-elastic  currents  of  the  rotating  earth  (e,f  ,t^)  are  very  impor- 
tant. 

Schiapparelli,  Loomis  and  Chase  have  shown  that  long-continued  ob- 
servations, at  various  stations,  demonstrate  the  existence  of  an  evident 
lunar  influence  on  the  precipitation  of  rain,  and,  consequently,  on  the  elec- 
trical condition  of  the  atmosphere.  Each  station  has  an  ''establishment" 
of  its  own,  which  can  be  determined,  w^here  the  meteorological  conditions 
arc  most  uniform,  by  observations  extending  over  a  period  of  three  or 
four  years.  This  influence,  which  is  undoubtedly  due  to  tidal  disturb- 
ances of  atmospheric  currents,  is  further  shown  in  the  lunar  modifica- 
tions of  the  direction  and  velocity  of  the  wund,  which  have  been  pointed 
out  by  M.  Bouquet  de  la  Grye.* 

Botli  in  the  lunar  and  in  the  solar  tables  the  critical  periods  of  horizon- 
tal and  total  force  are  nearly  synchronous.  In  the  lunar  variations  the 
vertical  force  increases  as  the  horizontal  force  diminishes,  and  vict-cersa. 
Each  of  the  lunar  magnetic  tides  is  of  the  same  general  character  as  the 
oceanic  and  atmospheric  tides.  The  lunar  horizontal  force  and  total  force 
are  greatest  and  the  vertical  force  is  least  when  the  barometric  currents  are 
moving  most  rapidly  away  from  the  Earth's  centre ;  the  horizontal  and 
total  force  are  least  and  the  vertical  force  is  greatest  when  the  currents 
are  moving  most  rapidly  towards  the  centre. 

The  range  of  lunar  disturbances  of  vertical  force  (from  +  .000072  to 

•  Cbmptes  Bendus,  Izxxviil,  315-8. 
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MOISO)  is  Almosl  idontical  Willi  the  mnfn^  of  lunar  Imronurl* 

s  (from  —  ,000075  to  +  .000063  =  .000137>. 
lions  of  the  lunar  disturbnucca,  both  of  Uie  vtirtiT-*]  >n<l  oi 
force,  correspond  nppraximnlol}'  wilb  the  tniMn  puin  uf  lif 
nd  retanlHtions  of  lunar  lidal  MCtioa  by  Icrrealrinl  rotaiiiii 
li  llHftianHrOli,  eii.  I2U,  18h.) 

lloal  Force.  Ilnrliontal  Fume. 

Oh  +  ShSTin  iBlMin.    Oh.  +  4h    I.Sin 

eh  -I-  -Ih  51. .'im  Isl  Mux.    Oli.  +  4h  21  4in 

ISh  +  8h  30.  tin  3d  Min.  13li.  +  3h  Mm 

im.   ,    .i.oftQ„  2d  Max.  I8h. +4U    B.Sm 

Mean  4ti    4.7ni 


Although  the  baronietrie  olincrvnt  s  furnish  the  inofli  nuidy  iliitji  fr>r 
quaulitalive  measurements  and  compuriBons,  the  combined  action  of  trrro- 
trinl  rotation  wilh  lunar  tidal  itnd  tcrresiriHl  equilibratinz  i^viiaLhm  is 
not  confined  to  the  nir.  Every  particle  of  the  f;lohB  is  continually  unbjtd 
to  cyclical  vaiiatioDs  of  etrcM  and  sifnin.  In  the  firBt  and  tbird  quNdriDW 
the  luDftT  action  'm  iipposed,  wliilt^  in  the  second  and  fourth  fl  L*  nklML  b; 
terreelrial  roialion,  so  that  the  reeullant  of  all  tlie  HUbtcrrant-tin  tiMEnftit 
Inlluencen  must  be  subject  to  lunar  dlelurlmnces  of  the  samfr  chnnuin-u 
those  whirh  modify  the  barometric  and  lOectric  currents  in  thcalm<i?y'li''r'. 

Wc  may,  therefore,  conclude  that  the  solar  disturbance  of  the  ten-cstral 
magnetic  CHrrcnls  is  chiefly  and  primarily  due  to  its  thermal  activiiy  :  ihf 
lunar,  to  e!nivilatinQ:  currents  which  arc  modified  by  tcrreMrial  roladoa 
and  orbital  revolution. 

123.   "Foirea  Oedll'ition." 

In  disniwing  the  syncbronism  of  the  motion  of  the  moon's  nodes  wiiii 
lerrestriiil  nutation  llersi-hel*  introduces  "tlic  priiici|ilc  of  forced  oscilb 
lions,  or  of  forced  viliralions,"  by  the  followinp  annoiinci-mcni  : 

"Ifimc  piirt  of  liny  system  cimnectcd  either  by  niiiterial  Ik-i'.  or  by  ilif 
mutuiil  iitliMciionsorils  members,  be  conlinuiilly  miitnl>iin<'d  by  any  ciiusi. 
wlir'lbcriiilKTi'nt  iiitliiTonstidilionofiliesystcmorfXternal  mil.  inaslair 
of  rc'iruliir  iierindic  motion,  that  tnriiion  will  he  pn>]>a!rjitcii  Ihniii^liMiii 
llie  ivlioir  syslcin,  and  will  give  rise,  in  every  member  of  it  and  in  t'TW 
part  of  ciifh  mcinlier,  to  periodic  movements  exeetiied  in  i-ip[;il  pfrii"! 
with  that  to  wbieh  tliey  owe  ibeir  orijiin,  llioui;li  not  necessarily  synchro 
nous  with  Ihrm  in  llieir  maxima  and  minima." 

A  lieiiiorisiniiionof  thisllieoreni  for  the  forced  vibrations  of  systems  mn 
neeled  by  material  tie=  of  im]icrieci  ehisticiiy,  is  nivenin  llersebe!'-  Tfcnii- 
on  Sound.t  Fourier's  tluoreui,  Iterseliers  theory  of  the  conseijueniv-  •■! 
•  Op.  tit.,  soct.  aw, 

t  Eiicye,  Molroi)..  Art.  323. 
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nebular  subsidence,  and  the  various  fonns  of  hannonic  synchronism  are 
all  dependent  upon  the  same  fundamental  principles  and  they  should  all 
be  kept  in  mind  by  those  who  are  investigating  the  consequences  of  elastic 
action  and  reaction. 

124.  Fundamental  Phoiodynamic  Nodes, 

The  principle  of  forced  vibrations,  the  theory  of  subsidence,  and  the 
laws  of  varying  density  in  elastic  media,  are  illustrated  by  the  equation, 


c 


©■= (?) 


.  • .  log.  L  :  log.  M  :  :     -   :     - 

c       r 

L  =  Laplace's  limit  of  synchronous  solar  rotation  and  revolution  ;  M=^ 
modulus  of  light  at  Sun's  surface  ;  r  =  Sun's  semi-diameter  ;  i  =:=  locus  of 
mean  incipient  subsidence  for  the  nebular  centre  of  planetary  inertia, 
(Saturn's  mean  aphelion);  c  =  central  locus  of  greatest  belt-condensation 
(Earth's  semi-axis  major). 

If  we  adopt  the  values  for  L  and  if  which  are  given  in  Note  46,  we  find 
i  =  9.d9861  c,  Stockwell's  value  is  about  ^,y  of  one  per  cent,  greater, 
or  10.000059  c. 

125.  A  '* Derivative  Oscillation/* 

After  announcing  the  principle  of  forced  vibrations,  Ilerschel  continues 
as  follows*.  "The  system  maybe  favorably  or  unfavorably  constituted 
for  such  a  transfer  of  periodic  movements,  or  favorably  in  some  of  its  parts 
and  unfavorably  in  others  ;  and  accordingly  as  it  is  the  one  or  the  other, 
the  deritatite  oscillation  (as  it  may  be  termed)  will  be  imperceptible  in  one 
case,  of  appreciable  magnituc^e  in  another,  and  even  more  perceptible  in 
its  visible  effects  than  the  original  cause  in  a  third ;  of  this  kind  we  have 
an  instance  in  the  Moon's  acceleration." 

A  harmonic  illustration  of  this  statement  is  furnished  by  the  lunar  dis- 
turbance of  vertical  magnetic  force  at  St.  Helena.  Von  Littrow's  esti- 
mate of  Moon's  semi-axis  major  is  60.2778.  Earth's  action  \x\yoi\  Moon  and 
Moon's  reaction  should  therefore  be  nearly  ^^y  as  great  as  its  action  at 
its  own  surface.  If  the  resulting  waves  or  "forced  vibrations  "  are  reflected 
to  Earth  and  resolved,  one-half  into  vertical  force  and  one-half  into  hori- 
zontal force,  the  consequent  disturbance  should  be  7557.  The  lunar  dis- 
turbance  of  vertical  force  (Note  121)  is  y^^y^ ;  of  barometer,  yaV?*  The 
decimal  values  are : 

Disturbance  of  vertical  force  .0000139 

'*  vibrations  .0000138 

**  barometer  .0000137 

The  derivative  oscillation  in  the  horizontal  force  is  obscured  by  other 
disturbances. 
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12S.  Relation  ijf  HagHtUe  JJittuHanwi  to  Tbtrmal  Currtnt*. 
Tlie  socon'lnry  rhfiniricr  of  the  solar  disturlmoccs  of  vnitiml  farce  ».\  St 
Ili^lirnu  :•  lUrtlu'r  iiiili<at«l  by  a  comp&rteon  of  cnloiinallng  Uum.  Th* 
coinciilt^nco  of  tho  dully  iiiinimuiii  of  verticitl  fbrne  n*ilb  Uie  vnrioui  nuui- 
mu  of  gruvitaiiug  proMurua  (Xote  130)  la  only  apprcxlmalc  ;  but  the  r«U- 
tion  bolli  of  maxiinam  And  of  minimum  to  tlio  colminniiuo  of  twtumding 
and  dcsccDding  cuirents  is  very  cloee.  Ttie  meati  time  of  ouiximum  tcm- 
pcmturo  is  1 1)  BU.O  m  :  of  minimum  tempcnlun^  IT  b  4t.0  m  ;  uf  greatest 
verticul  force.  4h  4.4m  ;  of  laut  vcnlcal  force.  lOh  5n.8m.  TUcrvfoir. 
the  verlical  force  conlinuus  lo  increase  for  21i  34.9m  ufler  the  time  of 
grofitest  daily  litat,  and  to  diniitiisli  for  21i  14.2  m  after  liiu  lime  of  grraiesi 
daily  cold. 

137.  Rrlation  of  BaromttHc  t6  Oravitatlng  DUttrbanee*. 

During  Iho  (iireed  vltimliona  of  Imlf-dkily  terreslrinl  rotittioti  tonmnlt 

and  from  tho  Snn,  tprroMilal  gnvlty  acts  on  all  tlie  healed  and  oilterwiM 

dlsturbwl  ]>articli]B  uf  lliu  atmofphdrL'.    Tli«  sum  ot  tbe  pyclloil  ncceiw- 

1S.0S  X  43082* 
aiiODB,  at  St.  nelona,  la  5280    —  ~  51142000  milos  =  a.    Tbe  suoi 

of  tbe  aynchmnous  "forced  oscillAiiona''  of  niutioa  towitnts  or  from  ibc 
Sun  is  COS.  IQi^  58'  41"  x  jt  X  3B62.B  =  1IB70.7  uUIm  =  fi.  The  mwn 
aam  of  the  barometric  prcasnreg  of  tbe  atmoapheilB  particlm  i>  aS-STS  in- 

clii-«  =  y.  Till-  sum  of  tlic  mean  linlf-daily  disilHrljHiKTs  of  pressure  is  \ 
(38.313  — 28.248  +  28.302  — 38.253)  =  .0585  inch  =  J.    The  ratio  of  a  to  ^ 

is  nearly  tlic  same  us  Hint  of  v  lo  J ;    *  =  .002123  ;  —  =  .002000  ;  tbe 

o  r 

deviation  from  exact  accordance  being  alH>ut  2.56  per  cent. 
138.  SuceeuCon  of  Forctd  OidllalioM. 

Tiie  "niiscent"  velocity  of  tUc  Sim,  or  the  limiting  velocity  between 
complcio  dinsociiLtioii  and  inci|i1cnt  aggregation,  is,  as  we  have  seen,  ''V* 
=  velocity  of  light.  On  the  principle  of  forced  oscillations,  tbe  luminifer- 
oiiRR'lliereal  uudulnlions  force  the  sun  into  rotary  oscillations  synchron- 
ous wilh  the  cycles  of  superficial  gravitating  activity  which  would  com - 
munii'iiie  the  velocity  of  light. 

The  ratio  of  tlic  musa  aggregation  at  the  principal  centre  of  nucleatioa 
(Sun),  to  tbe  mass  aggregation  at  primitive  nehular  centre  (Ju|>iter),  is, 
&»  we  liHvc  seen,  tbe  same  as  tbe  ratio  of  the  rupturing  mdius-vcctor  of 
Jupiier  lo  tbe  rupturing  radius-vector  of  Sun.  The  rupturing  energy  of 
the  a.'tbcreal  oscillatiouK  is  thus  traceable  to  tho  primitive  condition  of 
statical  c<iuilibrium,  when  the  two  products  of  mass  by  rupturing  radiiu 

Tbcsc  two  princiiMkl  masses  of  the  solar  system  tend  to  produce  a  systein 
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of  forced  oscillations  through  their  common  centre  of  gravity.  Circular 
orbital  velocity  at  their  mean  centre  of  gravity  has  become  "nascent "  ve- 
locity for  the  mass  at  the  centre  of  the  belt  of  greatest  condensation  (Earth). 

129.  Radius  of  Primitive  Condensation, 

The  importance  of  the  three  masses,  which  were  considered  in  the  fore- 
going note,  seems  to  strengthen  the  probability  that  the  resulting  oscilla- 
tions are  exattly  recorded  in  relations  of  mass,  distance  and  velocity.  If 
such  is  the  case,  Earth's  semi-axis  major  may  be  easily  computed. 

.    ^      ,  ,  ,     .      .      fl'a  ^        32.087  X  43082 

1.  Earth  s  nascent  velocity  is      o"  ^^ 5280 ^^  261.81  miles. 

2.  The  mean  locus  of  the  centre  of  gravity  of  Sun  and  Jupiter  is 
5.2028 

1047  879  4-~l  ^^E*^^*s  semi-axis  major. 

(5  2028      \  ^ 
i047  879~4-l)     ^ 
261.81  =  18.4892  miles  per  second. 

4.  This  would  give,  for  Earth's  semi-axis  major,  18.4392  X  1  year  in 
seconds  -f-  2  tt  =  92,613,000  miles. 

130.  Paraboloidal  Inclination, 

The  progression  of  the  stellar-paraboloidal  abscissas  may  be  expressed 
under  the  form  cC^jf  **)*»  positive  values  of  n  giving  centripetal,  and  nega- 
tive values  giving  centrifugal  abscissas.  The  t^  ordinates  are,  therefore,  modi- 
fied by  f.  as  often  as  the  fundamental  abscissa  is  modified  by  the  modified 
ordinate.  The  f  modification  seems  to  imply  a  cyclical  elliptic-influence 
consequent  upon  rotation.  If  ^  is  the  semi-axis  major  and  jj  the  semi- 
axis  minor  of  the  ellipse,  the  inclination  of  the  ellipse  to  the  jj  circle  may 
be  readUy  found  by  the  equation 


?  _  1.012974 
7j   ""  .9958 

=  1(P  32'  56". 


Sec.  ^  —  ^   —    9950534 


131.   Other  Cometary  Hypotheses. 

The  hypothesis  in  Note  114  is  only  one  out  of  many  which  might  be  as- 
sumed with  nearly  equal  probability.  The  great  fact  which  is  to  be  ac- 
counted for  is  the  evidence  of  paraboloidal  influence,  extending  from  the 
region  ot  the  nearest  fixed  stars  to  our  Sun,  and  aflecting  intra-nucleal  nodal 
condensations,  revolutions  and  rotations,  through  cyclical  undulations 
-which  are  harmonically  determined  by  the  inertia  of  Sun's  mass  and  the 
velocity  of  light.  I  have  already  shown  some  of  the  important  modifications 
which  are  introduced  into  the  nebular  hypothesis  by  these  evidences  of 
paraboloidal  or  cometoid  subsidence,  and  I  look  confidently  for  the  discov- 


ISov.  1, 


•ry  nrtiin  er*.   The  mnm^clionof  cotnels  wiih  mMeoripsi 

doulitkiw,  iiw    (Pit  niUDf  inqniri»»  respecting  slellar  groiijM   nnd   Hlt-llnr 
tnnllDTiti,  noriK   )l  which  may  be  wllhiti  t1i«  reach  mid  others  beyuud  ibe 

reiidi  (if  fuliire  sjilisfnclory  eglulion. 

133.  Fiirl/ier  Pirabaloi/liil  Htrmony, 
IjCt  r^  bo  II  fourth  proyiQrtionHlloJui>iler'ali.)CUB of  iDcipkutautHidriiTO,* 
Earth's  semi-uxui  major  and  Sun's  semi -din  meter.     Then  (he  firel  lliree 
ftbeulstuB  iif  Nole  46  (A,  —  A,)  delermiiie  the  paraboloid,  nnd  there  arc 
Ibur  ftratlpsof  !l'  ninui  ...  I  the  fixed  Mara,  viz.:  B.  (A, — 

A„),  between  r^  nnd  Snu  h  9,  <A„  —  A„),  between  Snn'a 

sorfiioe  and  Iho  loci  of  plan  9,  (An  —  A,),  nithiu  the  bfli 

of  rupturing  loci ;  9,  ,  lUe  rupturing  loci  nnd  "  (Vb- 

tauri.     The  influenr  lo  beltof  grealcat  condensation 

■urs  to  \Hi  iileii  veun  llie  rupturing  ahsciBBM  for 

log.  i.i,o.n-  =  — .7503*32 

log.  1.7TH7  0000000 

lug.  1.T78T  ROOtietM 

log.  1.T7870'-  =   4.0018304 

l«sr.  1,T7H75"»  =  7.5031;iao 
Dy  rufiTring  to  the  tabic  in  Note  46,  it  will  be  seen  that  the  division  of 
Ihd  nbRdKSiix  into  four  groups  of  nine  eueh  is  indicated  by  these  logA- 
rithniM.  Il  nmy  1ie  well  also  lo  observe  tbnt  1.77875*  differs  by  leas  than 
T^  of  one  per  cent.  rn)in  Stockwell's  value  for  Saturn's  mean  aphelion, 
estliiuiled  in  terms  of  Earth's  scini-axis  niiijor. 

i:j;!.  Another  Coiifirm<i<ioii  if  Prediction. 

On  Ihe  4th  of  <)<:iol)cr,  1878,  I  presented  a  communication  to  the  Ameri- 
can PhiloBoiihical  Socioiy.t  in  which  I  showetl  that  tlie  piisiiion  of  Wat- 
son's Hrst  Intra- Mercurial  planet,  as  compulftd  by  Gaillot  and  Jlouchez, 
represcnteil  Ihe  thinl  inlni-Mi'mirial  term  of  my  harmonic  series.  At  the 
last  meeting  of  ihe  British  Association,  Prof.  Balfour  Stewart  read  a  paper 
in  wliich  lie  ^ve  indications  of  sun*s|iot  disturbances  by  a  planet,  revolv 
ing  in  34.011  days,  and  consc<]ncntly  luiving  a  aemi-axia  major  of  .103. 
This  ciinflrmation,  bolli  of  my  own  pi'cilicliont  and  of  the  oil cula lions  of  the 
French  astronomers,  is  the  more  interesting,  because  the  first  confirniulion 
of  my  aeries  was  contained  in  a,  communicatioa  which  was  made  to  tlie 
Uoynl  Sociciy  by  Slessrs.  Ue  la  Rue,  Stewart  and  Loewy,  forty-one  diiys 

*  Kprulnr  nphel  Ion . 
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after  I  had  announced  the  series  to  the  Philo  wphical  Society  and  published 
it  in  the  New  York  Tribune.*    The  accordances  are  as  follows  : 

Prediction.  CJonfirmaMon. 

1st  interior  harmonic  term 267        De  La  Rue,  S.  and  L 267 

^5  Gaillot  and  Mouchez 164 

^^        "  "  "     ^^^     ^Stewart 163 

134.  Proufs  Ilypot/usis. 

Clarke  (P.  Mag.  [5]  xii,  109-10),  gives  the  results  of  his  re-calculation 
of  atomic  weights,  which  inclines  him  to  look  favorably  on  Front's  hy- 
l>othesis,  although  he  had  previously  believed  that  it  had  been  forever  over- 
thrown. Maximilian  Gerber  (Les  Mondes  ;  cited  in  Chemical  News,  xliii, 
242-3),  rejects  the  hypothesis,  but  he  gives  four  additional  empirical  units, 
which  seem  to  indicate  a  probability  that  groups  of  similar  valency  may 
have  special  common  divisors.  The  varied  evidences  of  the  photodynamic 
importance  of  hydrogen  will  doubtless  incline  chemists  to  give  weighty  con- 
sideration to  Clarke's  deliberate  opinion,  and  Gerber's  factors  may  help 
towards  its  establishment.  The  possibility  of  measuring  undulatory  vis 
Tiva  by  the  distance  of  projection  against  uniform  resistance,  as  well  as  by 
orbital  areas,  may,  perhaps,  furnish  the  requisite  clue  for  reconciling  ap- 
parent oppositions  of  indication. 

135.  Phyllotactic  Atomicity, 

The  phyllotactic  law  distributes  leaves  and  branches  evenly  around  the 
stems  of  vegetables,  so  that  all  parts  of  the  plant  may  share  in  the  benefit 
of  heat,  air  and  moisture.  In  1849,  Dr.  Thomas  Hill,  at  the  request  of 
Prof.  Peirce,  showed  that  the  times  of  planetary  revolution  arc  phyllotactic, 
and  the  planets  are  thus  distributed  around  the  Sun  so  evenly  as  to  avoid 
the  destruction  of  the  system  by  the  accumulated  perturbations  of  the 
great  planets. f  If  the  several  atomic  elements  have  special  systems  of 
setbercal  vibrations,  it  seems  reasonable  to  look  for  evidences  of  a  phyllo- 
tactic harmony  which  would  contribute  to  the  stability  of  equilibrium  in 
compounds.  The  following  table,  which  includes  about  half  the  known 
elements,  contains  multiples  of  the  phyllotactic  divisor  f  H,  or  1.6  H,  com- 
pared with  Clarke's  recalculation  of  atomic  weights. 

Phyllotactic  Clarke.  DlflTerence. 

O  10  X  1.6=  16  15.963  .037 

Fl  12x1.6=  19.2  18.984  .216 

Mg  15x1.6=  24  23.951  .049 

S  20  X  1.6  =  32  31.984  .016 

CI  22x1.6=  35.2  35.370  .170 

Ca  25  X  1.6  =  40  39.990  .010 

Ti  31x1.6=  49.6  49.846  .246 

*  J6.  p.  470. 

fProc.  Ainer.  Assoc.,  vol.  2. 


Ilotactlo. 

Clarke. 

33  X  1-8=   51.3 

St. -250 

4H  X  l-«  =    78.4 

78.7B7 

50  X  1-8  —    80 

79.708 

5(1  X  !.«=    8»,6 

88.307 

70  X  l.fl  =  128.4 

120.537 

80  X  1.0=128 

127.980 

88  X  1-8  ^  132.8 

133..W8 

1,08  X  i.e  =  na.» 

172.761 

7x  1.6=    11.3 

10.040 

37.000 

B 

ss.oia 

4, 

B8.8S1 

7C 

111.770 

71   .., 

I13,B98 

50  X 

89.818 

IKiX.." 

104,217 

05  X  1.8 

104.  avt 

88xl.« 

100.737 

.73  X  1.0 

119.03S 

114  X  1.6  — .<! 

182,144 

115  X  1.6  =  16^ 

188.010 

124  X  l.«— 19fi4 

1()M.404 

125  X  l.G  =  200 

199.713 

m  X  1.8  =  200.4 

208.471 

146  X  1.0  =  233.6 

233.414 

149  X  1.8  =  238.4 

238.483 

4 


Th 


The  greatest  difference  in  the  above  table  or  33  elements  is  less  than  Si 
per  cent,  of  the  phf  llotacUc  unit.  Gerher's  longest  table,  fur  a  single  di- 
visor,  contains  but  25  elements ;  his  greatest  difference  is  more  than  3A 
per  cent,  of  his  empirical  divisor.  If  the  eight  elements  which  present 
the  greatest  phylloinctic  difference  were  rejecled,  so  as  to  make  tUe  tables 
of  the  same  length,  the  greatest  remaining  difference  would  be  less  tluia 
15  per  cent,  of  the  divisor.  The  photodynamic  approximation  is  therefore 
much  closer  tlian  the  empirical. 


130.  The  Empiricd  Dicitori  a 

Oerbersays  that  "no  simple  relation  eiiist 

fore  they  "have  do  value  in  themselves." 

unable  to  discover,  is  phyllotactic,  as  will  b 

parisons  : 


among  "  his  divisors,  there. 
The  relation  which  he  was 
seen  by  the  following  com- 


H 


.9997 


A  X2 
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The  firet  six  phyllotactic  numbers  are  1,  2,  3,  5,  8,  13 ;  the  third  does 
not  appear  in  the  formation  of  the  theoretical  divisors,  but  the  others  are 
all  employed.  The  simple  phyllotactic  relation  of  all  the  divisors  to  H, 
shows  that  they  hate  '*  value  in  themselves." 

137.  Mutual  PhyUotaxy, 

Upon  examining  the  mutual  relations  of  the  above  phyllotactic  divisors,  it 
will  be  seen  that  Dj  =  y\  D,  =  2  x  !  X  A  D8  =  A  D, ;  D,  =  2  X  *  X 
I  Da  =  2»  X  I  D,  ;  D,  =  f  X  i  D4 ;  D«  =  V^H  D,.  These  varied  pro- 
visions for  the  stability  of  cyclical  equilibrium,  in  all  possible  varieties  of 
intra-molecular  sethereal  movement,  show  that  the  command,  '*  Let  there 
be  light,"  manifested  its  formative  power  of  organization  as  soon  as  ma- 
terial atoms  were  set  in  motion.  The  appearance  of  the  first  five  phyllo- 
tactic numbers,  1,  2,  3,  5,  8,  in  crystallization,  furnishes  a  step  from  inor- 
ganic to  organic  morphology,  giving  new  meaning  to  the  landscapes  on 
our  frosted  window-panes,  as  well  as  to  the  protective  mimicry  of  vege- 
tables and  animals,  as  illustrations  of  the  "distributive  ratio  "  w^hich  con- 
trols alike  light-waves,  atomic  inertia,  crystalline  structure,  organic 
growth,  planetary  configuration  and  interstellar  action. 

138.  Relations  of  the  Water  Molecules. 

The  importance  of  oxygen  and  hydrogen,  both  in  mutual  combination 
and  in  connection  with  other  elements,  suggests  the  following  compara- 
tive grouping  of  Clarke's  table  of  atomic  weights : 

O 


-16; 

H  - 1.0023. 

Dl  (Terence. 

Br 

79.951 

.049 

I 

126.848 

.152 

Mg 

24.014 

.014 

Zn 

65.054 

.054 

Cs 

132.918 

.082 

Ag 

107.923 

.077 

Tl 

204.183 

.183 

Se 

78.978 

.022 

Mo 

95.747 

.253 

W 

184.032 

.032 

U 

239.030 

.030 

P 

31.029 

.029 

Cd 

112.027 

,027 

Hg 

200.171 

.171 

Ba 

137.007 

.007 

C 

12.001 

.001 

Ti 

49.961 

.039 

Sn 

117.968 

.032 

In 

118,659 

.341 

•  -18; 

U-l.OOZS. 

Difllerence. 

Bi 

208.001 

.001 

Pb  . 

206.946 

.054 

Mn 

54.029 

.029 

Fe 

66.042 

.042 

Ni 

58.062 

.062 

Co 

59.023 

.023 

Bo 

10.966 

.034 

Ga 

68.963 

.037 

Ce 

140.747 

.253 

Yttr 

90  028 

.023 

Ytter  173.158 

.158 

La 

138.844 

.156 

Di 

144.906 

.094 

Th 

233.951 

.049 

Pt 

194,867 

.133 

Ir 

193.094 

.094 

Os 

198.951 

.049 

Pd 

105.981 

.019 

■li.Om.    DIflfer 

J 

IS.9«4             .01 

35.370            .»■ 

7.«17            .Oi 

9.0S.1             -W 

Sa.99S            .Oi 

so.oifl        ,o: 

85.251         .a; 

3I.))84            .01 

laT.iMio        .0- 

na.ooo        .1 

1 

ta.uuo        .!> 

T.374 


U-  1| 

,  O  -  iS.9933. 

Zr 

8».!MI7 

.m 

N 

14.021 

.oai 

8b 

ini.ujs 

.ma 

T« 

!Sa.H4 

AU 

»<.■ 

4».U80 

.030 

.M 

27.009 

.000 

V 

SI.SoCI 

.256 

As 

74.018 

,083 

Cii 

(!3.17.1 

.173 

Er 

IHS.fflll 

.I'S 

Itli 

1114,055 

.tt'ia 

Kii 

104.217 

.217 

Au 

100. 1S5 

.155 

Prouf 

B  law  tH  con 

wl,  Ilio  vsl 

Si  20.105  .1W> 

The  uhove  Ulitm  Biwin  tii  show  thi 
or  tlie  niygcQ  Hlom  liiu  licon  niorp  n  tely  dctrinnlnnl  tliitn  thai  of  ilw 

hydrugcn  aUiiii.  The  deviutiuus  i>l  mu,  lu,  O.  01.  HI),  tir.  Zr.  aoi)  V. 
itre  Ml  groat  oa  to  Kqiiiru  some  esplMiiuliiiD,  wiikli  inuy.  jH.'rhnps.  bi-  (ounJ 
Id  pUjllotactic  or  liurmuolc  influence. 

130.  F^rthtr  EcidtittJ!  uj  PtigUnUixn. 
Upon  ftiTttaer  emmlnatloo  Of  Gerber's  tables,  \  find  a  Btill  doeer  agrM' 

incnl  with  rigiilly  phyilniaelic  ilivisurs.  Taking  tlio  nu-nnof  lliu  fstiuialcd 
atomic  wuiglits,  wIkid  bvo  arc  given,  his  viiliics  should  be  as  follon-e: 
Di  =  U.").3»  -^  Hi;)  =  .7631  ;  1),  =  Ut  ).4  ■*-  733  =  1.9B50 ;  D,  =  G48.  !1 
-E-  413  =  1.5.171  ;  D,  =  3763.05  ^  3318  =  1.2457  ;  It  =  1.3  D,  =  OOfti. 
Clarkf'B  values  for  the  alomiciliea,  when  grouped  in  the  same  way  asGer- 
lier'a,  give  l>i  ^  (B0.2I2 -;- 853  ^  .7603;  D,  =  1437.00-^721  =1.0944; 
D,  —  B4;!..13  -^  413  =  1-5582  ;  D,  —  37.53.051  ^  3208  =  1,3464  ;  H  =  1.3 
ri,  =  l.iMini.  Tlie  following  table  shows  the  nei 
twccn  the  cnipiriful  and  the  pliyllolactic  divisors  ; 
Pliyllotactlc.  Gerber. 

I[    =^„0      .0077  .0980 

D,  =  {J1I     .7075  .7081 

1)^=  a   II   l.n0.14  1.0950 

D,  =   i  I).  1.5580  1.5571 

D,  —  \  D,  1.3471  1.2457 


IS  of  agrc 


1.9044 

1.5583 
1.2464 


140.  " Ehmticitg." 
"Sir  W.  Thomson  is  led  from  iIip  c<)n  si  deration  of  various  experimtnla 
Willi  fluids  aii<l  solids  and  tlie  study  of  smoke  rings  to  speculate  upon 
elasticity  as  an  evidoiiee  of  motion.  The  kinetic  iheory  of  gases  n- 
quires  liiat  Ihe  molecule  or  atom  shall  be  elastic.  '  But  Ihis  kinetic  Iheor; 
<'f  mutter  is  a  <Ircum  and  must  remain  so  until  it  can  explain  chemical  af- 
finity, electricity,  magnelisni,  gravitation  and  Inertia."    Tlie  writer  look* 
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forward  to  a  greater  generalization  wliich  sliall  include  elasticity  as  a  torm 
of  motion." — J.  T.,  in  Am.  Jour,  of  Science,  Nov.  1881. 

My  first  physical  paper  (Proc.  Am.  Phil.  Soc.,  ix,  283-8),  deduced  ap- 
proximate values  of  solar  mass  and  distance  from  the  combined  action  of 
daily  rotation,  yearly  revolution  and  atmospheric  elasticity.  All  my  sub- 
sequent radiodynamic  investigations  have  been  based  upon  the  considera- 
tion of  the  various  forms  of  harmonic  relation  which  ought  to  follow  from 
the  undulations  of  an  all -pervading  elastic  medium,  such  as  the  luminifer- 
ous  aether  is  generally  supposed  to  be. 

141.  Harmonic  Spectra. 

Schuster  (Proc.  Boy.  Soc,  xxxi,  337-47),  discusses  the  probability  of  acci- 
dental harmonic  coincidences  in  spectral  wave-lengths,  giving  the  follow- 
ing summary  of  his  results  for  the  iron  spectrum  : — 

**1.  There  is  a  real  cause  acting  in  a  direction  opposed  to  the  law  of  har- 
monic  rutios,  so  far  as  fractions  formed  by  numbers  smaller  than  seventy  are 
eancemed. 

**2.  After  elimination  of  the  first  cause  a  tendency  appears  for  fractions 
formed  by  two  lines  to  cluster  round  Jwrmonic  ratios. 

**3.  Most  probably  some  law  hitherto  undiscovered  exists,  which  in  special 
case^  resolves  itself  into  the  law  of  harmonic  ratios.' ' 

The  comparison  between  the  planetary  harmonic  roots  and  the  spectral 
harmonic  quotients  (Note  37),  suggests  the  prol>ability  that  the  opposition 
to  strict  harmonic  ratios  may  be  due  to  differences  of  inertia  in  the  wave- 
systems,  which  would  be  more  rigidly  harmonic  were  it  not  for  such  dif- 
ferences. The  simple  tendency  of  all  elastic  media  to  hannonic  vibrations 
would  then  be  the  general  law,  instead  of  a  law  which  becomes  harmonic 
*  *  in  special  cases.  *  * 

In  waves  which  are  propagated  with  such  rapidity  as  those  of  light,  it 
seems  reasonable  that  there  may  be  large  factors  of  harmonic  length,  which 
are  modified  by  smaller  disturbing  elements.  Schuster's  analysis  does  not 
reach  such  cases  as  are  given  in  Notes  36,  and  39-42.  Note  36  gives  11 
harmonic  divisors,  which  deviate  from  the  observed  divisors  by  a  mean 
amount  of  less  than  3^^  of  one  per  cent.  The  greatest  difference  is  in  the 
C  line,  where  the  harmonic  divisor  is  1.1530,  the  observed  divisor  being 
1.1592,  giving  a  deviation  of  |J  of  one  per  cent.  In  Note  39,  the  greatest 
difference  between  either  of  the  harmonic  lines  and  the  corresponding  basic 
line  is  J  of  one  per  cent.  In  Note  41  the  greatest  diflTcrence  is  ^  of  one 
per  cent.     In  Note  42,  ^^  of  one  per  cent. 

142.   The  Magnesium  Spectra. 

Liveing  and  Dewar  (Proc.  Roy.  Soc,  xxxii,  189-203),  give  some  re- 
sults of  their  investigations  on  the  spectrum  of  magnesium,  which  seem  to 
strengthen  the  probability  of  large  harmonic  factors,  mollified  by  small 
disturbances.  The  only  two  single  lines  which  are  found  in  tlie  flame- 
Bpectram,  the  arc-spectrum  and  the  spark-spectrum,  have  wave-lengths 
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70.  rp8i»>divelv-.     Tlicse  represriil,  iijiproxi mutely,  Ihi.'  plijl- 
^..  ;?rs5  9nd  8,  vir..: 

PtirlloUGlIc  Obicrvea. 

28.14  28Wj 

4586  4670 

c-fipeclrttm  nnil  spnrk-siwclnmi,  lUcre  is  "a  vcrj  striking grouii 


0  ilie  H 


c-leaglhsiibum  3801  auii  2794,"  iunl'-ui 


nii|)eftr  In  AngBlrom'fi  lablo."     Tlie  difference  between  the    ■■! 
slrong  liuex  "  baa  roodiflftil  the  other  lines,  Ha  shown  below  : — 
tii>rmr)pii-  ObBerTed. 

7  X  37S4 


■1570 

itnn  difrtrL-nce  is  ,'5  of  thp  liar 
Linilling  Ibc  iipproxrmnlions.  tlit 
mid  the  mean  dlffereiiei.'  woulil 


2>  X     3  =    !)«. 

T    X  13  X  J    =113.75 

:(   X  01  X  i!  =  140, 76S 

3    X  aa  X  is  =    35.385 

H   X  37  X  {?   —    85.385 

r,'  X    7  X  1    =    87.5 

II    X  13  X  i    =    80-375 

41  X  J    =    51.25 


143,   I'he  i^tte:  uaUiflU  Element*. 

The  elements  which  cannot  be  simply  grouped  with  O  and  II,  within 

IliclimilH  of  proVnhle  error  (Nole  138|,  hiive  the  followinn;  phyllotsiiie 
rvliitions  to  oxygon, 

Observed.  Phyllotaollc.  Difference. 

Mo  O0.747  X  iV  O 
In  113.059  X  ,V  O 
Ce  140.747  X  t*;  O 
CI  35,451  X  t't  <■> 
Kb  85.529  X  ti  O 
Sr  87.575  X  ^  O 
Zr  80.573  x  ,'«  " 
V       51.373  XAO 

144.  A'lnljiut  of  thf  Hydrogen  Spedrum. 
It  necma  rciisonablc  to  look  for  clearer  eviUenec  of  nnilisturbcii  or 
slightly  miHlilicd  bnrmonic  influence  in  hydrogen,  ihiiu  in  any  of  the  heav- 
ier elenienlB.  Acoordingly  Professor  Jolmstonc  Stoney  has  "  i^bonn  tliM 
three  out  of  the  four  lines  in  the  visible  imrt  ol  tbo  E|>i'ctruui  biive  wuve 
Icnplh*  which,  10  11  hi);h  degree  of  aceurney,  are  in  the  ratios  of  20  :  27 
33."  I  liiid,  tnorcover,  that  three  of  the  lines  are  in  simple  gcoinetrii: 
nilio,  as  will  be  seen  by  the  foiloH-ing  comparison  : 

Theorellcel  HarmoDic  Ltnes.  Obierved. 

a  =  (3  X  3)'  X  30.379  =  6.501.8  6561,8 

^—   5x3'    X  30.379^4860.0  4860,6 

y  =  (,S'S)'^  =4340.1  4840. 

d=   5  X  3>    X  30.379  =  4101.1  4101.2 
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The  extreme  lines  are  phyllotactic,  d  being  f  of  «.    The  greatest  discrep- 

ancy  is  ^  of  one  i^er  cent,  which  is  unquestionably  within  the  limits  of 
probable  error. 

145.  Application  of  Schuster's  Tests. 

The  ratio  between  the  hydrogen  lines  a  and  $  is  between  f  and  J. 

a-^d=^a  =  1.59907 

8-4-5  =  6=  1.60000 
3  -^  2  =  c  =  1.50000 
b  —c  =d=  .10000 
6  —  o  =  e  =  .00003 
e  -^  d  =  TinyViP  o*"  ^^^^  ^^^^  iV  ^^  o>^®  P®^  cent,  of  the  probable  error. 
The  ratio  between  ^  and  d  is  between  |^  and  \^ 

y^    ^  =  01  =  1.058227 

18  ^  17  =  6i  =  1.058824 

91  -^  86  =  Ci  =  1.058140 

ftj  — Ci  =(^=    .000684 


«i  —  Ci 


=  «i  =    .000087 


«j  -f-  <^  =  ^2^®y,  the  probable  error  being  =t:  ^/j. 

The  ratio  between  «  and  ^  is  between  }J  and  ^j. 

fit  -J-  ^  =  a,  =  1.350165 

77 -^  57  =  d,  =  1.850877 
27  -J-  20  =  c,  =  1.350000 
J,  —  c,  =  d,  =    .000877 


a,  —  c,  =  «2  =    .000165 


tf,  -2-  d,  =  Jff ,  the  probable  error  being  d=  f }f .    If  we  were  to  stop  here, 
the  test  would  be  pronounced  satisfactory,  and  the  evidence  of  harmonic 
influences  in  which  all  the  lines  are  involved  would  be  conclusive.    But  if 
-we  try  another  mode  of  grouping  the  result  will  be  different. 
The  ratio  between  ^  and  ^  is  between  }J  and  fj. 

y9-5-^   =03=1.185009 

77 -r- 65  =  63=  1.184616 
32  -J-  27  =  c,  =  1.185185 
C3  — ft,  =^3=  .000569 
Cj  —  Oj  =  €3  =    .000166 

^  -^  d,  =  \\\,  the  probable  error  being  only  ±  J|  j.    Therefore  the  test 
fliils  in  this  case. 

The  ratio  between  ^  and  y  is  between  \\  and  J|. 

^-^y     =0^=1.119816 

28  -f-  25  =  ft^  =  1.120000 

75-^67  =  C4  =1.119403 

ft^  —  c^  =  (f^  =    .000597 

ft^  — 04  =64=    .000184 

^^  _j-  <f^  =  ^^,  the  probable  error  being  only  db  i}?.    Therefore  the  test 

fiftils  in  this  case  also. 


idk^ 


Chue.] 
Then 
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L-n  13 and  ;.  \e  bctwt-en  ff  and  JJ, 

03-1-41  — fij  =1.B131B5 
85 -f- 43  =  e,  =  1.511088 

6s  —  ff  =  1^  =    .000067 

65  —  a,  =  ej  =    .0003511 

(j-^rfj  —  JIf.  the  rrobftlile error I»eingonly±iJ.  Tlip  test.  iherLfore.  Mi 
SLgiiXn,  tlic  Quubcr  of  failures  in  Ibe  whole  ixtmparison  buing  equal  to  tlie 
number  of  conflnuations.  Hence  it  is  evident  iliat  ScUusier's  criterion  [> 
insiifflcieot,  ttt  least  whi  nira  of  oliacfvation  an'  not  eatU- 

fsctorily  aBcertainod.    i  Ic  errore  were  known,  ilie  proper 

nppllealion  of  the  teat  ivumu  r  ilcmcntnry  mlcuUtfoas  of  such 

ialrieacy  as  lo  make  it  ]hticIj'ci  live. 


■f  tht-  Tt»l. 

'inonic  mtioB  the  te«t  inaj  some- 
For  cxftni])!e,  jS  -*-  j-  is  betwewi 
;e,=  .0O0184;  (,-:-d,  =  ,iH„ 
or.  In  like  miiUDer  o  -t-  ^  ia  ta- 
=  .108087;  £5  =  . 011936:  t^-t-i, 


By  increasing  the  1 
timee  l>e  niukde  10  indiuL._  . 
I  und  }.    These  values  givi 
which  is  less  thsa  ^  of  1 
tween  f  and  ^.    These  t_ 

=  iWi!.  which  is  leas  than  t\  of  llic  probable  1 
lo  indicate  the  propciely  of  liarmoiiic  comparisons  between  tenns  wiiich 
are  unquestionably  of  the  same  onlcr  of  magnlltide.  Thus  in  Schuster's 
<.^alculation  (loc.  cit.,  p.  338),  the  ratio  .98478  lies  between  ^i  and  Ji.  the 
difference  between  these  two  fractions  being  .010686.  The  difference  of  the 
fraction  In  tlie  sodium  s|>ectruui  from  the  nearest  of  these  comixiralive 
fraciiona  is  .00(Hn3.  wliicli  is  only  .00914  of  the  difference  between  the 
fractions  thmnsclves,  or  less  than  -j^  of  tlie  probable  error. 

If  a  supposed  liarmonic  relation  can  be  represented  by  a  Auction  will 
terniB  of  a  BJnjrle  dJcit,  Schuster's  test  might  fail  even  with  the  above  modi- 
llcation,  provided  llie  probable  error  should  be>i)(:Jxi;if  the  terms 
are  of  two  digits,  it  would  not  be  trustworthy  if  the  probable  error  was 
>  i  X  Bj  X  as.  If  Ibe  modiflcationsof  iii»«iiio  in  syncbronous  wave  sys- 
tems are  of  tlie  same  order  of  magnitude  as  the  vartalloDs  of  planetary  cc- 
•  centrlcity,  the  limit  of  jinibable  error  would  be  at  least  i,  instead  of  |,  ol 
tlie  difference  between  adjacent  fractions  wlilch  have  a  common  numerator. 
Tliia  would  be  the  case  for  each  of  llie  compared  psire  of  wave  lengtlis, 
ttie  probability  for  the  entire  system  being  equivalent  to  llie  product  ol 
all  the  independent  t>robab  III  lies. 

All  estimates  of  abstract  probability.  Id  sucIi  cases,  should  1>e  greatly  In- 
creased by  the  o;wi'(iri  probability,  or  even  the  mathematical  necessity, 
that  synchronous  undulations  in  elastic  media  mutt  be  liarmonic.  In  view 
ot  this  consideration,  the  indications  of  a  harmonic  tendency  pervading 
an  entire  system,  such  as  I  liave  pointed  out  in  many  of  my  compafi- 


1881.) 


599 


[Chase. 


sons,  are  far  more  significant  than  any  conclusions  that  can  be  drawn 
from  more  restricted  investigations. 

AVhatever  test  may  be  applied,  it  should  always  be  remembered  that  the 
failure  to  discover  a  harmonic  influence  between  any  two  given  lines  does 
not  affect,  in  the  slightest  degree,  the  evidences  of  harmonic  influence  be- 
tween other  lines.  The  failing  cases  are  entitled  to  no  weight  in  drawing 
the  final  conclusion.  We  should,  therefore,  have  been  justified  in  stopping 
our  examination  of  the  observed  lines  in  the  hydrogen  spectrum,  as  soon 
as  we  found  that  ol  is  harmonically  connected  with  p  and  ^,  and  that  y  is 

similarly  connected  with  d.    Even  if  subsequent  discussions  had  failed  to 

show  any  probable  evidence  of  harmony  between  fS  and  y^  ^  and  d^  ^  and 

y,  the  fact  that  there  are  such  harmonies  operating  through  the  relations 
of  the  intermediate  to  the  extreme  wave-lengths,  would  have  been  unshaken. 

147.   Uncertainties  of  Measurement, 

The  influence  of  probable  errors  of  observation  uj)on  the  validity  of 
Schuster's  criterion  may  be  illustrated  by  applying  it  to  two  of  the  different 
Talues  which  have  been  found  for  the  Fraunhofer  lines  A,  B  and  C. 
Angstrom's  measurements  are  taken  from  Schellen*s  Spectrum  Analysis, 
p.  168 ;  Gibbs's,  from  Am.  Jour,  Science,  [2]  xliii,  4. 

Gibbs. 
761.20 
687.49 
656.77 
1.107216 
1.107143 
1.107692 
.000549 
.000073 
73  4-  549 
137  -^  549 
1.046776 
1.046512 
1.046875 
.000363 
.000109 
109  -f-  363 
90 -i- 363 

Hcnc^  the  criterion  indicates  a  harmony  of  vibration,  both  between  the 
A  and  B  lines,  according  to  Gibbs,  and  between  the  B  and  C  lines,  accord- 
ing to  Schellen.  The  a  priori  probability  or  certainty  that  there  must  be 
Buch  a  harmony,  lends  confidence  to  the  greater  accuracy  of  Gibbs's  meas- 
urement of  the  A  line,  and  of  Schellen 's  measurement  of  the  C  line.  If 
such  allowance  as  I  have  proposed  is  made  for  that  probability,  the  har- 
mony is  shown  by  Gibbs  in  both  comparisons. 


B 

C 

A 

-^B  —a 

d  —  31  ^  28 

<j  =  72  -^  65 

c  —b    =d 

a  —  b    —  6 

6  -^  d 

Probable  error 

B 

-f-0  =  a. 

5i  —  45  -f-  43 

«i  — 67   :   64 

<a  — ^  —^ 

Cl         flj  —  Ci 

e^-^d^ 

Probable  error 

Angstrom. 

760.09 

686.68 

656.18 

1.106906 

31 

-f-28 

1.107143 

83 

-f-75 

1.106666 

b 

—  c 

.000477 

b 

—  a 

.000237 
79  -f-  159 
39    :   159 
1 .046481 

45 

:   43 

1.046512 

68 

-^65 

1.046154 
.000^58 

h 

-«i 

.000031 
31    :    358 
89   -358 

coo 


P.-(.T.< 


148.   Thf  Fraunhofer  Bnrmonit: 

Tlio  gcneml  nceiiracj-  orOibl>B  is  conflrmt'i]  lij  tlie  fact  ihal  his measurc- 

meDL%  indicate  liai'tnonleB  nmoDg  the  principal   Fniunhorer  line*,  us  i> 

shown  in  Ihc  following  table.     They  all  beat  the  test  if  Schuslt-r's  crile- 

Hon,  with  llie  exception  nlilch  wua  staled  in  the  foregoing  note. 


HkrniDuliw. 

Gibhii. 

DllTference. 

A    TBI. 20 

A 

761-20 

if  A    687.B4 

B 

887.48 

.05 

J*  B    630. TS 

C 

flGO.77 

.02 

tJC    S8S.73 

D 

-911,74 

.01 

JfD    527.20 

E 

27.5)8 

.00 

(JH,  4e6.W 

V 

9o;sa 

.Irt 

}(  H,  481.84 

.ai.oi) 

.21 

HA    393.72 

tUM 

.IK 

Tht  griiitest  differer 

ipcri'pnl.,  iu 

lUi-  0  lliii;. 

148,  Pro, 

<a 

rmoaic  Teitt. 

In  systcme  of  waveB  whlcii  arc  pr  »ted  with  audi  frequency  w  the 
iindulatiune  of  light,  llmny,  perhaps,  »«  iinposHliile  to  devise  any  crilcrnn 
tvhicli  will  show  wlielher  any  two  giv«n  waves  nre  really  hannonic.  Bui 
if  wc  consider  llmt  uDduiatinns  which  are  not  hunuDuic  are  eontiniially 
tending  to  destroy  each  other,  various  useful  tests  may  be  found,  which 
will  serve  IIS  guides  for  the  approximnte  d  etc  mil  mil  ion  of  harmonics  thai 
must  really  exist.  For  e.\amplc,  if  there  are  two  harmonic  light-waves, 
the  slower  oscilhillng  1670  llnieA,  while  the  swifter  oscillates  1843  tuues, 
there  will  be  more  Ihnn  300,000,000,000  coincidences  of  phase  per  second, 
and  yi'l  Schuster's  nielhoti  would  lead  us  to  suppose  that  there  is  no  liar 
mony.  Tlic  riLliolfiS,  is  cqHivuleiit  to  .906131,  which  is  het  ween  IJandij. 
20  -I-  !12 '  .906230 


Pifferentc 

.000308 

.B062S0-. 906131 

.000119 

Katio  of  DifFcreiice! 

i.  110  H. 368 

.324 

ProlHible  Error 

.350 

130.   S-u 

'(■ettice  Iffjrmotiieg. 

lie  shows  that  Angstrom's  measurements  indicate  liar- 
wliich  pri'sent  more  than  600,000,000,000  coincidences 


a.«3«75a'i  T.0803e95 

9.81703;lll  T.93;M617 

2.7T04847  T.0512348 
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Wave-length.  Log.  w.  1.  Log.  ratio.  Ratio. 

E.  52G.80  2.7217190  T.9919387  427  /  435 

b,   517.20  2.7136577  T.9730311  359  /  383 

F    486.06  2.6866888  T.  947509 1  288  /  325 

G    430.72  2.6341979  T.  97871 18  418  /  439 

h     410.12  2.6129097  T.  9856655  149  /  154 

III  39^-80  2.5985752  T.  9961 108  667  /  673 

H,  393.26  2.5946860 

Schellen's  table  gives  393.28  for  the  wave-length  of  II,.  His  other  values 
are  precisely  the  same  as  the  harmonic  lengths  which  are  given  here. 
The  greatest  interval  between  the  successive  coincidences  of  phase  in  the 
propagation  of  the  waves  which  represent  any  two  adjacent  lines,  is  less 
than  -^Q  of  an  inch. 

Some  of  the  closer  lines  precisely  represent  simple  geometric  progres- 
sions within  the  limits  of  uncertainty  of  observation.  The  middle  D  line, 
according  to  Gibbs,  is  a  geometrical  mean  between  the  extreme  lines. 


Glbbs. 

Geometric. 

Log. 

/9  590.04 

590.038 

2.7708800 

Y  589.74 

589.736 

2.7706576 

a  589.43 

589.434 

2.7704352 

By  making  r  =  |J},  we  find  that  the  three  b  lines  are  in  geometrical 
progression  : 

Schellen.  Geometric.  Log. 

6i  518.30  ar^  518.296  2.7145778 

6,517.20  ar   517.209  2.7136658 

6,516.67  a     516.666  2.7132098 

Gibbs,  in  Joh7isons'  Cyclopedia,  gives  four  6  lines,  the  additional  line  being 
also  geometrically  determined  : 

GlbbR.  Geometric.  I-.og. 

bi  518.31  ar»  518.81  2.7145896 

6,517.22  ar   517.22  2.7136776 

6, 516.85  cir*  516.86  2.7133736 

6,  516.69  a     516.68  2.7132216 

151.   Conjoined  Harmcnies. 

The  indications  of  geometrical  progression  in  the  D  and  b  groups  sug- 
gest the  propriety  of  looking  for  similar  evidence  among  the  remaining 
lines.  The  relations  which  I  have  pointed  out  between  aethereal  and 
planetary  nodes  (Note  37),  led  me  to  look  to  the  inertia  of  Sun  and 
Jupiter  as  an  important  source  of  nodal  influence  upon  sethereal  waves. 
Light-waves  would  traverse  a  trajectory  equivalent  to  that  of  Earth's  daily 
synodic  rotation  5.202798  X  365.25636  =  1900.355  times,  during  the  inter- 
val which  would  be  required  for  them  to  traverse  one  equivalent  to  Ju- 


jiiliT's  orlilt.     if  we  Buppoge  llio  Ifnglli  of  ench  wave  to  lie  iai^rcsMi]  ia 
tlip  nitio  7-  =  {1001.355  -!-  1000,S.15)*,  we  gel  tlic  fi)llowing  approslmnhm 


(jeometrLc  wa 

VB-ler,glh«, 

I,og,  w   1, 

1^,  r". 

S<-li«ll-n 

A  =ir'^' 

'      7(10,10 

S,8fi087(V7 

.(KM4495 

780.00 

n    =Br" 

'      7Ifi.49 

2.8504313 

.0106510 

7IH50 

B  =rr" 

»      086.70 

2.8367703 

.0107081 

IM0.IH 

r  =D,»-' 

'»    fl5fl.24 

2.8170B21 

.»4«55«e 

A56.ia 

D  =Er" 

'      589.53 

2.77(6053 

,0487848 

58(1.50 

E  =V'' 

'      536.  fi9 

3.7217204 

.0080B48 

S36.69 

h,    =F7-<' 

>    5i7.ai 

2.7136fifi8 

,(126WVMI 

517,20 

F   =Gr" 

•     488.07 

3.9867028 

.0524070 

48fl.0e 

«  =ftr" 

'      430.73 

3.0842040 

.0313076 

430.73 

ft    =II,r' 

"   410.11 

2.6128078 

,0I48IW4 

410,13 

H,  =  H.r' 

■      3M.70 

2.6885089 

.0038840 

39<.m 

H, 

993.26 

S.  5046744 

303.24 

The  lineB  «tn 

be   grouped 

in  ilirce  si'ls  ;- 

-1.  A.   ".  B. 

D, :  8.  C.  i. 

P.  A;  8,  E,  G,  H„  H,.  Ail  members  or  the  first  and  ihiri)  j:mut«»rr™ii 
uuctctl  with  (he  other  nicmhere  of  their  own  groups  by  HOUie  jxiwrrof  r* . 
Itinae  of  the  second  group,  by  Bome  power  of  r" ;  the  members  of  the  Ihiri 
group  being  counected  with  Ihose  of  the  flrst  tiy  Mim«'  Mid  ]M)W<rr  ot  H 
ihose  of  the  secDnd  nllh  those  of  eitherof  the  other  groups,  by  oddpoirm 
..fr.  Three  Hues  of  the  middle  group,  C,  F,  A.  are  hy(ln)ge[i  Hues.  Thf 
houiidmies  of  tlie  group  are  phyllotactic  ;  9  C  ^  8  A. 

l.)3.  Interpretation  and  M<i»»-RehitioHi. 
Tlie  con  si  derations  hivolved  in  the  foregoing  notes  were  orliitai  itloiiit 
(•■..a  Vy_^,  e:ravilating  velodty.  f  f,  =  ffa  -^^.  the  constant  vei.n it v 
..rii!;lit.   (r,)  imd  inertia,  or  masfi.     Orbital  vplocity  variej 
root  of  gravitating  veliKily,  (i'„ocr,*J;  henee  llie  ratio  of 


It  of  the  relative  disturbance  of  ii 


s  the  fourth 
[l!K)l.3Jr)^ 


) 


nf  (be  fourth  f 
1000.3.55)1. 

If  we  take  the  eotistant  relation  between  gravitating  and  pliotodynaniir 
netioii  at  Enilb's  aurfaee  as  a  unit,  t^p,  =  1).  Iliere  should  Im-  some  )<ir 
iiionii:  relation  between  p,  uud  Jupiter's  incipient  |ierIurlwttion,  i/i,  = 
r>— 1),  dependent  on  the  masses  of  Earth,  {m,\  ami  .lupitcr,  (m,).  Earth'- 
reaelion  upon  ils  linear  <i'ntre  of  oscillation,  relative  to  the  centre  ot  \h' 
■  ■  line  of  fonc "'  which  connects  it  with ,Tupiter,  is  e.\erle(l  at  ( i  of  j)  = !  -i 
the  distance  of  Jupiter's  action  u|ion  Earth,  consetpienlly  with  a  sis  fiiU 
relative  elRcieiicy.     Accortlingly  we  flnil : 

"I,         f.Ps  _         S         „         ' 
'"i  ~    P:i    ~  ISOO.S.W  —  816.726 

"I"  ^  niil-T26  X  1047.879  =  331890 

„,    =02,796,300  miles. 
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This  value  of  p^  differs  by  less  than  ^^  of  one  per  cent,  from  the  mean 
of  various  mechanical  estimates,  which  was  given  in  Note  15. 

153.  Linear  Harmmiies. 

The  hannonies  to  which  Schuster  refers,  in  the  third  conclusion  of  his 
summary,  seem  to  be  linear  rather  than  geometric.  If  we  omit  the  speci- 
ally phyllotactic  lines  C  and  /*,  together  with  the  secondary  lines  of  the  D 
and  h  groups,  the  percent^iges  of  the  geometric,  Schellen  and  Gibbs  tables 
give  the  following  coincidences  of  harmonic  tendency  : 

Geometric.                              Schellen.  Gibbs. 

A  760.10  1933  — .16  760.09  1933  —  .31  760.40  1933  +  .38 

a    718.49  1827  -f  .03  718.50  1827  —  .06  718.47  1827  —  .23 

B   686.70  1746  -f  .21  686.68  1746  +  .03  686.71  1746  +  .02 

D   589.53  1499  +  .10  589.50  1499  —  .07  589.51  1499  —  .12 

E   526.89  1340  — .18  526.89  1339  —  .27  526.96  1340  — .16 

&,  517.21  1315 +  .19  517.20  1315 -f  .09  517.22  1315  +  .08 

F  486.07  1236  -\-  .03  486.06  1236  —  .09  486.07  1236  —  .12 

G   430.73  1095  +  .29  430.72  1095  -f  .20  430.73  1095  -f  .17 

Hi  396.79  1009  — .02  396.86  1009  —  .05  396.81  1099  —  .02 

H,  393.26  1000  393.28  1000  393.30  1000 

The  only  instances  in  which  the  deviations  from  exact  harmony  exceed  \ 
of  the  right  hand  unit,  are  the  G  line  in  the  geometric  table,  the  A  and  E 
lines  of  Schellen,  and  the  A  line  of  Gibbs. 

154.  Interstellar  Phyllotaxy. 

The  interstellar  abscissas.  Note  46,  present  the  following,  phyllotactic 
features  : 

1.  The  determination  of  the  paraboloid  requires  3  abscissas. 

2.  The  whole  number  of  abscissas,  between  the  vertex  and  the  stellar 
region,  is  3x13. 

3.  The  abscissas  between  A,  and  A39  arc  divided  into  two  groups,  each 
group  containing  2x3^  abscissas. 

4.  Each  group  has  two  equal  subdivisions  ;  the  inner  representing  ten- 
dencies to  condensation,  the  outer  giving  no  present  evidence  of  such  ten- 
dency, except  in  comets,  meteors  and  possibly  asteroids. 

155.  Distance  of  a  Centauri  and  its  connection  with  the  Interstellar  Para- 
boloid, 

Newcomb  gives  estimates  of  the  parallax  of  «  Centauri,  ranging  between 
0".48  and  1".96.  The  mean  of  Henderson's  observations,  in  1832-3,  as 
deduced  by  himself,  was  l''M6  ±.  .11.  Peters,  from  the  same  observa- 
tions, found  1".14  ±  .11.  Hendei-son  obtained  0".913  from  Maclear's  obser- 
vations in  1839-40  ;  Peters,  0".976  =b  .064  from  the  same  ;  Maclear,  0/'.919 
zi=  .034  from  declinations  in  1842,  1844  and  1848  ;  Moesta,  0''.880  ±  .068 
from  declinations  in  1860-4.    There  is,  therefore,  an  uncertainty  as  to  the 
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acluol  dislance.  which  U  of  the  eame  order  of  magnhiitlc  as  pUnf^tar; 
nccniitriciticH.  If  this  faci  abouki  be  thought  lo  rtiiiiinisli  ihe  prubahiliij 
of  n  kinetic  bond  butweca  the  pbotodymimk'  purabuhiid  ttnd  llic  flxcd 
Bturs.  it  will  bo  well  lo  bear  in  mind  tbc  following  considecutiuus  ; 

I.  If  there  Is  rd  all  pemuling  intents  liar  lueilium,  whkli  la  both  nut- 
terinl  and  clastic,  all  its  perBiBtFat  osclllutioiis  mutl  be  cyclically  lukrinoDlD 
Inaoiike  wuy  or  other. 

S.  All  ttui'li  permanenl  osclllatluiu  must  be  dependent  upos  or  ossodalrd 
Willi  tiennunent  uiiisacs  bdiI  velocities. 

3.  The  aiofie  iind  velocity  rroui  wUicli  Ihe  parnboloiilal  &b»ciBsas  wurc  d<:- 
duceil,  are  the  mass  of  tlie  sun  and  the  velocity  of  light. 

4.  The  coordinates  indicate  a  solar  moCion  iu  space,  which  ia  oliwcly 
acconlant  with  Herschel's  eBtirasted  velocity. ,   {Note  112, ) 

5.  The  ahscissaa  locate  regions  of  incipient  Hiitisidence,  which  account 
fur  the  formation  of  the  Bcvcral  planetary  bells,  in  accordaace  with  Ilcr- 
scbcl'a  interprelalloii  of  Ihe  nebular  hypolhcsin. 

6.  The  abscLssas  are  inunlfoldly  grouped,  in  ways  that  are  phyllotttcll- 
mtly  and  olberwise  barmonicatly  symmetrical,  as  uiigbt  be  looked  for  la 
a  niDitiiHii  liku  Ihe  supposed  lumiairerous  tetlier. 

T.  Tlie  last  phytlotactic  ahscisaa,  A^  is  a  founh  proportional  to  Bun's 
radius.  Laplace's  llniit,  and  tbe  solar  modulus  of  light. 
I       8.  The  panboloid  Axes  Sun's  po^vn,  relatively  to  some  other  iinpoit' 
ntit  stat^  in  tlii'  Milky  Way.    {Note  IH.I 

9.  Tlicfte  urc  the  inoAt  f^ir- reach  in  •;  indicnlions  of  an  nnbrokcn  chain  of 
kini'tic  infiitcnces,  Ihat  have  ever  hi'en  jiu1>lis1ic<l. 

10.  Being  based  u (HID  the  grentext  mass  anil  Ihe  greatest  inlcrco^miral 
velocity  of  which  we  have  any  nie;isuralilc  knowledge,  the  law  of  p«r- 
siinony  gWcs  an  n  priori  presuiiiiition  that  the  rhiiin  may  extend  to  other 
niasses  of  tile  fianif  order  of  unignltnde  ux  the  Sun. 

II.  Tlie  next  alTscis.sa  to  the  solar  pbyllotacllc  aeries,  A^,  is  in  Ihe  region 
of  Ihe  itxed  slars,  its  locus  being,  within  the  limit  of  probable  error, 
(±  .25),  Ihe  suine  as  that  of  n  CeiiUiuri. 

13.  The  terminal  locus  is  not  only  witliin,  but  far  within,  the  limits 
of  probable  error.  lis  accordance  with  a  Centuiiri  may  be  exact ;  it  is 
almost  impossible  ihat  Ihe  devialion  from  precise  acconliincc  can  1h'  so 
great  as  8  per  cent.,  and  such  a  deviation  could  he  easily  explained  by 
stellar  orbitnl  motions. 

13.  The  second  siclliir  abscisna,  A^  indicates  a  dislancc  corresponding  to 
Bessel's  cslimatc  of  tbe  parallaji  of  61  Cgi/ni. 

14.  Whatever  may  he  Ihonght  of  the  last  three  indications,  tbe  first  len 
arc  plain,  uninislakable  and  incontrovertible. 

150.   Correlation!  of  Plnnetary  Must  and  Dhtanee. 

Stockwcll  closes  the  introduction  lo  his  "Memoir  on  l)ie  Secular  Va- 
riation,-! of  tbe  Elements  of  the  Orhils  of  Ihe  Eight  Principal  Planets, "  iu 
the  following  words  : 

"The  idea  is  thus  suggested  of  the  existence  of  a  system  of  bodies  in 
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which  the  masses  of  the  different  bodies  are  so  adjusted  to  their  mean  dis- 
tances as  to  insure  to  the  system  a  greater  degree  of  pennanence  than 
would  be  possible  by  any  other  distribution  of  masses.  The  mathematical 
expression  of  a  criterion  for  such  distribution  of  masses  has  not  yet  been 
fully  developed  ;  and  the  pending  illustrations  have  been  introduced  here, 
more  for  the  purpose  of  calling  the  attention  of  mathematicians  and  as- 
tronomers  to  this  interesting  problem  than  for  any  certain  light  we  have 
yet  been  able  to  obtain  in  regard  to  its  solution." 

When  I  began  my  investigation  of  the  harmonies  which  illustrate  the 
laws  of  ffithereal  elasticity,  the  only  published  evidence  of  any  connection 
between  planetary  mass  and  distance  was  Alexander's  approximate  equal- 
ity between  the  products  of  the  masses  of  Jupiter  and  Saturn  by  the 
squares  of  their  respective  major  axes : 

Jupiter  TTTTVryTT  X  5.202798*=  .025832. 
Saturn   jjirrs  X  9.538852'  =  .025985. 

Laplace,  however,  had  indicated  elements  of  stability  in  the  sums  of 
various  products,  and  had  demonstrated  the  tendency  of  approximate  syn- 
chronisms to  become  exact ;  Uerschel  had  shown  that  *' subsidence,  and 
the  central  aggregation  consequent  on  subsidence,  may  go  on  quite  as  well 
among  a  multitude  of  discrete  bodies  under  the  influence  of  mutual  attrac- 
tion and  feeble  or  partially  opposing  projectile  motions,  as  among  the  par- 
ticles of  a  gaseous  fluid"  ;  *  various  physical  investigations,  based  upon 
propositions  in  Newton's  Principia,  had  indicated  the  fact  that  all  persist- 
ent oscillations  or  cyclical  motions  in  elastic  media  must  be  subject  to  har- 
monic laws. 

In  studying  Herschel's  statements  of  the  nebular  hypothesis,  it  soon  be- 
came evident  that  Sun,  at  the  principal  centre  of  nucleation,  Earth,  at 
the  centre  of  the  belt  of  greatest  condensation,  and  Jupiter,  at  the  centre 
of  the  primitive  nebula,  had  some  important  common  relations  which  had 
exerted  a  controlling  influence  over  the  other  cosmical  masses.  The  four 
following  are  specially  noteworthy. 

gt\ 

1.  The  *'na8centvelocity"of  Sun,  -g- ,  is  equivalent  to  the  velocity  of  lig?U. 

2.  The  nascent  velocities  of  Earth  and  Jupiter  are  nearly  equal. 

3.  Earth's  nascent  velocity  is  about  3  per  cent,  less,  while  Jupiter's  ap- 
pears to  be  slightly  greater,   than  the  limit  of  possible  circular-orbital 

velocity,  Vgr  at  Sun's  surface. 

4.  The  aggregate  orbital  vis  viva  of  Earth,  w^  and  Jupiter,  rcj,  is  a 

3 

simple  function  of  mean  distance  from  Sun,  d,  and  orbital  time,  d^, 
(^\ ^  =  Ql^'I^^\     =  61.7436  =  1  -f  60.7436  =  vc,  -f  vf^,   (1) 

*OiiUines  of  Attronomy^  Sect.  871, 

f  /  being  time  of  solar  rotation,  and  g  being  the  acceleration  of  superficial 
^ravUutlon. 


cquatlno.  and  cl*sw!iere  in  the  present  note,  Eanh's 
taken  as  the  unitB  of  mue  and  distance, 


Tn  thr 
ind  sEini-iiMs  maji 

In  aludj  llie  resulta  of  nebular  "  aulisidenee, "  lei  a  represent  Ihr 
locus  of  intiiumthnU-EuliBiileneeorseeulu' aphelion  ;  fi,  the  locus  nfmeas 
belt  aubsidcDiii  Of  inoiui  splielion  ;  j-,  the  gcini-niis  major :  3,  Ihe  mom 
locus  of  ball-niptnrc  or  mcnn  pcriliBlitm  ;  c.  tbe  locue  of  ioripicnt  belV 
rupture  or  seciilar  periliellon  ;  subscript  0, 1,  J.  3.  4,  5,  6.  7.  ft.  Sun  «nd  the 
priuLipal  planets  in  their  order,  Mfrcnrj",  Venus,  Earth.  Mure,  JupitfT, 
Buttim,  Uranus,  Ncmnnfl  ■  m   umM 

>™.  :  mj  ;  :  E,  :  .-.  :  :  1  O) 

u.  88),  £,  =  .830172(1  j-s-  Thcn-fere 
nail)  =  314.4513  e,  and  ^  = 
f  product  of  mean  orbital  r^  *>m 

I  1 ;  1  :  310.I18(W  (8) 


.  1(168]  :  1  (4) 

show*  the  influence  of  iiicipitnt 


Aecording  lo  Btoekwuii  mi 
r,  =  1047.8TB  E.  -i-  (S.21 
lllji.74j„.    Massbi'in,  w* 

bj  mean  dintiince.  wi 

"«,  :  m,  :  :  1  X 
M.  :m,  :  :  (SIR-iiautf  X 
Eanh'8  cbief  eompunion  ^u» 
Bulnldei]  eu-nggregntlon. 

m,:m,::  (331G68  -,-  .77443  =  427630)  :  1  (6) 

Jupiter's  cliiefcotniMiniiin  planet,  Saturn,  shows  the  combined  influence 
of  nioflifie<l  belt-rupture  and  secular  st ah iliij. 

Wj  :  m,  ;  ;  ftty,  :  ,9,,-;  :  :  9.077645  X  9.538853  :  4.97834.'5  X 

5.30S708  :  :3.343a  ;1  (7) 

m„  :  ro,  :  :  (3.3432  X  1047.879  =  3503.23)  :  1  (8) 

The  outer  planet  of  the  dense  belt.  Mars,  showB  the  influence  of  modi- 
fied siiiisidence  at  the  centre  of  nebular  planetary  iiicrfia  (Saturn),  com- 
bined with  that  of  incipient  siibsidenec  at  the  centre  of  the  belt  (Earth), 
m,  :  m,  :  :  ,?,  :  „, :  :  10  :  1.0C77352  :  :  0.3637  ;  1  (9) 

«i.  :  m,  :  :  (9.3057  X  331668  —  3101613)  :  1  (10) 

The  two  outer  planets  of  the  system  show  ihc  combined  influcnceof 
nodes  of  subsidence,  ru]>lure,  and  condensation. 

mg  :  Tn,  ;  :  (3,  —  a,)^,  :  (•%  +  o,)r)  ■  ■  C29. 73235  — 1.06774)  X 

aO.03380  :  (3B.733:i5  +  30-670233)  :  :  17.(^78  :  1  (11) 

m,:m,::  (331008  -h-  17.0776  =  19302)  ;  1  (13) 

m,:m,::  (^,  —  £,)  j-,  :  (,9,  +  ^i)  rs  ■  ■  (30.04418  — .93236)  X 

19.18358  :  (20.04418  +  4.97824)  ;  ;  146523  ;  1  (13) 

m.  :  nj,  :  ;  (331668  -=-  14.0533  =  226(13)  :  1  (14) 
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The  accordance  between  the  nodal  and  the  computed  values  is  shown  in 
the  following  table  : 


Nodal. 

Computed. 

Authority. 

(  2) 

Wo  H-  m^ 

1047.879 

1047.879 

Bessel. 

M) 

W„  ~-  77?j 

331668. 

331776. 

Chase. 

(  6) 

m^   :   m, 

427630. 

427240. 

Hill. 

(8) 

fW^-v-  7/l8 

3503.22 

3501.6 

Bessel. 

(10) 

^o  -^  ^*4 

3101613. 

3093500. 

Hall. 

(12) 

W^-T-Wg 

19392. 

19380. 

Newcomb. 

(14) 

7/l„  -r-  W7 

22602. 

22600. 

New  comb. 

The  mean  orbital  vis  viva  which  could  be  communicated  to  a  subsiding 
particle  in  any  given  time,  varies  directly  as  the  mean  gravitating  accel- 
eration, I  —  1  ,  and  inversely  as  the  mean  subsidence  potential,  I  "^  1. 

The  synchronism  in  the  determination  of  the  vis  viva  of  the  two  chief  plan- 
ets is  shown  by  the  proportion 

which  is  readily  deduced  from  (7).  The  confirmation  which  this  lends  to 
Herschel's  interpretation  of  the  nebular  hypothesis  is  very  satisfactory. 

The  planets  of  the  dense  belt  bear  witness  to  an  interesting  combina- 
tion of  harmonic  influences.  The  simple  attraction  of  a  principal  centre 
of  condensation  would  tend  to  produce  radial  oscillations  and  very  ellipti- 
cal orbital  paths.  If  the  central  force  could  be  concentrated  in  a  point, 
the  elliptic  path  would  coincide  with  the  major-axis  and  be  rectilinear,  its 

j~^  2       

orbital  time  being  2;:'^  ._  ^nd  the  mean  velocity  being  •=■  Vgr  ;  g  repre- 

</ 

scnting  the  acceleration  of  the  central  force  at  the  distance  r.  If  the  rad- 
ial oscillations  are  made  circular,  (through  the  mutual  collision  of  par- 
ticles, the  exchange  of  molecular  vis  viva  for  vis  viva  of  rotation  or  of 
revolution,  external  attraction  and  other  physical  disturbances),  the  orbi- 

gt 
tal  velocity  should  be  some  function  of  the  nascent  velocity,  V 

The  combined  orbital  vis  viva  of  Earth  and  Jupiter,  (1),  suggests  the 
consideration  of  nebular  subsidence  from  Moon's  apogee  towards  the 
mean  centre  of  gravity  of  Jupiter  and  Sun.  In  expandmg  or  contracting 
nebulte,  rotating  velocity  and  circular  orbital  vis  viva  both  vary  inversely 
as  radius.  In  considering  ultimate  jmrticles  or  chemical  atoms  of  equal 
Tolume,  the  mass  and  the  limiting  or  maximum  acceleration  both  vary 
as  the  density ;  the  limit  of  gravitating  vis  viva,  therefore,  varies  as  the 

cube  of  the  density,  id  X  (5'  =  ^)  and  centrifugal  vis  viva  varies  as  -^ . 

Circular  orbital  or  tangential  atomic  vis  viva  varies  directly  as  density  and 


rcrsclj  as  rttiJiiis-Tector.  (,I  -;-  p).     Equaling  thpsc  two  eiprc».it»it  for 
L't'Dtrifiigal  enCT^y,  ut  Uiu  C«alro  of  condeosatiun,  wc  gel 


The  limit  of  circulnr-crbiial  time. 


for  Enrlh.  In  ^  =  -ViIRd 


seeonde,  Enrtli's  orbital  time  bfiiDR  (,  =  1  year  ^  31558140  secocdj.    If 
these  times  w<?re  Axed  by  the  Above  relatiuneof  "  Gulnideooe"  we  dv>a\i 

3ir)58149'  ;  5078.G"  ;  :  3,"  :  3,"  (J») 

J.  =  S.8341  3„  (90) 

/'.   •■  p,-  •■  •\*  ■■  3,*  ■■  •■  aifl-OeM  :  I  (91) 

Eiirtb's  preseat  density,  as (iMlueed from  the  wimbincd  infliieate>ormb- 

Bideneo,  linear  oBtillation.  conical  OBcillatjoii  and  orbiUl  vnlocily,  (Nolt* 

S,  i'i),  is  3.0231  Sa-  ^  >^  shown  hy  the  foUnwing  calcuUtione  : 


=  (3x8x4)*"!.  =  331778  to. 


.,K 


aU 


Dlill-S 


(M) 


.'^  :  do  ■■  ■■  m^ -^  r^'  ■■  m^  -:-  /»„'  :  :  3.9331  :  1  i 

or,  from  {20),  (21)  and  (22),  3, -.  <\  :  -.  216.0944'  :  214.4472'   I 

:  :  ;t.02;!l  :  3.Ha41  i       '"' 

d,  :  .!„  :  3.1l2ai  ;  1  J 

III  (21)  tlic  nidius  of  early  lunar-telluric  subsidence,  /•„  include*,— 
'/•  Moon's  orbital  radius  of  incipient  snlisid  en  ce.  orlocus  of  apogee.  .-%S24,'>,: 
^.  Earth's  scmi.axis  major,  214.4472  /•„,  (24);  and  r  The  sciiiiasbi 
major  of  tlie  centre  of  gravity  of  Sun  and  Jupiter,  1.0647  p^. 

a.  Accordiug  to  V<)n  Liltrow,  Moon's  locus  of  apogee  ^=  1.054908  x 
(;0.27TC  X  :W62.8  —  iil.Oaa  miles  =  ..1824  /»„.  (24). 

r.  According  to  Slocltwcll.  (Smithsonian  Contrib..  232.  p.  3ft).  Ju|iitiTJ 
maximum  eccentricity  is  .IMM)8274.  This  gives,  for  the  semi -ax  is  m^ijiTof 
the  chitf  centre  of  gnivily  of  llie  solar  system.  (Note  113),  />„  h-  .y:t91fti6 
=  l.(l647fi7/'„. 

The  intliience  of  nascent  rit  vicn.  at  the  centre  of  the  bell  of  grfalesi 
condensation,  is  further  shown  by  the  relations  nhich  are  maintained,  with 
close  appn>xiniatiun,  iM'tween  Eartti  and  its  adjacent  planets. 

NiLsccut  velocity  at  Laplace's  limit,  and  consequent  orbital  tiJ  rit'i.  I' 
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?r  times  as  great  as  velocity  of  rotation  at  the  same  limit.    This  leaves  ;:  — 

1  units  of  Earth's  subsident  rotating  velocity  to  be  converted  into  orbital 
vis  viva.  Taking  Earth's  mass  and  semi-axis  major  as  the  units  of  mass 
and  distance,  the  foregoing  relative  theoretical  values  of  nodal  mass  yield 
the  following  comparative  results  : — 


Orbital  Vis  Viva  —  Mass  -5-  Had.  Vect.     ;  Theoretical  Vis  Viva. 
Earth  1  -- 1  =  1.        ;  1. 

Venus  (331668  ^   427630)--   .72333  =  1.0723  (tt  —  I)-- 2  =  1.0708 
Mars    (331668-^  3101613) -^1.52369=   .0702  (r  —  3)  h- 2  =   .0708 

2.1425   TT  — 1  2.1416 


(26) 


Tlie  influences  of  vis  vica  which  are  represented  by  the  two  outer  plan- 
ets, (11)  (13),  are  somewhat  more  intricate,  but  no  less  interesting  than 
those  of  their  companions.  Orbital  velocity,  in  the  path  of  any  given 
planet,  varies  inversely  as  radius  vector,  following  the  same  law  as  varia- 
tions of  rotating  velocity  in  an  expanding  or  contracting  nebula,  and  as 
variations  of  orbital  vis  viva  in  revolving  particles  at  different  distances 
from  a  controlling  centre.  Hence  there  are  tendencies  to  maximum  and 
mean  accelerations  and  retardations  at  secular  and  mean  apsides,  which 
are  shown  in  the  amounts  of  nodal  planetary  aggregation  that  are  required 
to  maintain  the  cyclical  equilibrium  of  orbital  vis  viva.  The  ratio  of  Nep- 
tune's vis  viva  to  the  mass  at  the  chief  centre  of  condensation.  Earth,  is 
determined  by  cardinal  nodes  of  Neptune,  Uranus  and  Earth  ;  the  like 
ratio  of  the  vis  viva  of  Uranus,  by  cardinal  nodes  of  Uranus,  Jupiter  and 
Earth.  Earth's  nodes  are  those  of  incipient  subsidence  and  rupture  at  the 
centre  of  density,  secular  aphelion  and  i>erilielion  ;  the  node  of  Uranus 
-which  is  influential  upon  Neptune  is  that  of  incipient  subsidence  ;  the 
three  other  nodes  are  of  mean  subsidence  or  rupture.  Earth's  secular 
aphelion  has  modifled  the  aphelion  planet,  while  its  secular  perihelion 
has  modified  the  perihelion  planet  of  the  outer  two-planet  belt. 

Atomic  phyllotaxy^  times  and  acquired  velocities  of  subsidence,  orbital 
velocities  resulting  from  subsident  vis  viva,  and  the  relations  of  density 
to  distance  from  a  controlling  centre  in  an  elastic  medium,  are  all  illus- 
trated by  the  exact  equality,  (21)  (23): — 

(^  -  tn)^^  =  P.^P.  (27) 

The  order  of  importance  of  the  equilibrating  manifestations  of  cosmical 
vis  viva  in  the  solar  system,  seems  to  be  the  following  : — 

1.  The  relation  of  Sun's  mass  to  mass  at  principal  centre  of  density. 
Earth,  which  satisfies  necessary  tendencies  to  subsidence,  oscillation,  and 
orbital  revolution  (22). 

2.  The  combined  orbital  vis  viva  at  the  chief  centre  of  density  and  at  the 
centre  of  primitive  nebulosity  (1). 

8.  The  incipient  tendency  to  nipture,  between  the  chief  centres  of  nucle- 
ation  and  of  nebulosity,  Sun  and  Jupiter  (2). 
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4.  The  relutions  of  sin  t>iva  between  the  chief  centres  of  dfaalt^  and  of 
nebulonity,  Eanh  nnd  Jupiter  (ll). 

5.  Th<!  relAtlona  lictween  mean  tendencies  lo belt- rupture  and  tOMicular 
stability,  iKlwcen  tile  cliit^f  citntnta  iif  nebulosity  and  tit  planetary  inenk, 
Jupiter  and  Saturn,  in  the  chief  bolt  of  planetary  aggregation  C' )■ 

G.  The  tnndenc!/  at  incipient  subsidence  lownrds  tlii^  cliic-f  cvntrr  of 
nuelentidii.  and  nf  incipient  rupture  frum  the  cliicf  centre  u(  denBii), 
VcnuH.  Sun  and  EnrlU  (3). 

7.  The  tendency  nf  incipiuni  subsidence  at  tlie  chief  centre  of  <leuHity. 
togetlier  witli  mean  tendencies  of  siil>Bidenco  at  tlie  chief  centre  of  plnnol- 
ary  in<-rtla,  Enrih.  Saturn  and  Mars  (n|. 

H.  Ttio  enmbination  of  incipient  tendencies  ut  subsidence  at  the  chief 
C«nire  of  density  and  at  the  inner  margin  of  the  outer  plnnetary  belt,  with 
mean  ruptnrios  tendencies  at  tlie  outer  miirgin  of  Lbe  outer  belt  01)- 

0.  The  combination  of  incipient  tendencies  of  rupture  at  the  cJiiofcentn 
nf  dnnsrtf,  with  mean  rupturing  tendencies  ut  tlie  cliicf  ctuitre  of 
nebulosity  and  mean  subsidence  at  the  inner  niitrgin  of  the  outer  belt  (13). 

Mercury,  wilU  its  greut  orlittal  eccentricity,  the  usteruids,  comets  and 
tnoteora.  doulitlcM  serve  to  eninplute  the  exact  ni^ustmeat  which  the  sta- 
bility of  the  system  requires. 

157.  BfJattotu  ^  f^aun^fer  Uau  to  ItentUs  tn*dl  Vi»  Vita, 

Aatrononurs  do  not  wiiiic  ilieir  linn  m  inrinirini;  whether  plnnelarT 
motions  arc  in  iiccordinci.  mill  the  laws  of  gravitation,  neither  need 
phyicmla  ask  wlidlic  rcy client  undulations  arc  liarmonic.  Knowing  Ibat 
tlitv  niUBt  be  so,  thi  ni^er  wa}  is  to  question  nature  in  order  to  find  what 


the  biinnnnies  ar<      Tli<  Huiiplest  liarmoniea 

are  those  which  are  based 

on  multiples  of  3  or  3      If  « 

c  take  ;  = 

302 

78  an  a  ui 

lit,  we  find  the  fol- 

lowing  appro  1(1111111  lou  of  hbi 

L  Ungllis  as 

measured  by 

values 

Hurmonlc. 

Obaerved. 

Error. 

ProlMbio  Error. 

}  J            =  687.37 

B   08B.71 

+0.66 

±34.54 

5  i    =  «54-63 

C   fiSfl.31 

— 1.5S 

±  33.73 

)J.            =589,17 

D,  589. SI 

—0.34 

±24  54 

U    =  sail,  71 

>:  530  87 

-3.10 

±  32.73 

J  ,t            =-  400.07 

F   486.07 

+4.W 

±34,54 

H     W  =  302.78 

ii^aoa.an 

—0.53 

±32.73 

The  proliablc  error,  in  each  instance,  is  one-fourth  of  the  harmonic  dS  " 
visor,  in  accordance  wiili  Seliuster's  proiwsed  test.  The  greatest  discrete  — 
ancy,  F,  is  only  J  of  llie  prolmble  error,  or  only  J  as  great  as  we  migh  ""* 
look  for  without  invalidating  tlie  evidence  of  hannonic  influence.  SucC-— ^ 
accordance  is  surely  salisraclery  enough  to  encourage  further  examination 

If  we  lake  I  =  1"^  i  as  a  unit,  so  as  to  provide  for  the  requirements  o 
centripetal,   linear  and  conical  oscillation,   (3  X  3  X  ^  i  ^ee  Notes  5,  23^^!^ 
150i,  we  find  the  following  approximations  : — 
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Harmonic.  Observed.  Error. 

46^  =  752.83  A    760.40  —7.57 

44^  =  720.10  a     718.47  +1.63 

42^  =  687.37  B    686.71  +0.66 

40  2  =  654.63  C    656.21  —1.58 

36  I  =  589.17  Di  589.51  —0.34 

32  2  =  523.71  E    526.87  —3.16 

30  2  =  490.97  F    486.07  +4.90 

26  2  =  425.51  G    430.73  —5.22 

25  2  =  409.15  h     410.12  —0.97 

24  2  =  392. 78  H,  393. 30  —0. 52 

If  the  Fraunhofer  lines  are,  like  musical  beats,  due  to  the  interference  of 
waves  which  are  very  nearly  but  not  exactly  in  unison,  their  proper  in- 
vestigation requires  a  consideration  of  more  intricate  harmonies  than  those 
which  are  based  upon  simple  binary  or  ternary  division.  The  harmonic 
A  line  seems  to  be  attracted  towards  the  simple  octave  of  H^,  and  Hj  indi- 
cates a  reaction  resulting  from  such  attraction.  For,  if  Hj  be  divided  into 
12  parts,  (3  x  4),  and  H.j  into  15  parts,  (3  x  5),  each  of  the  submultiples 
"will  also  be  a  submultiple  of  A,  very  nearly,  if  not  exactly. 

Harmonic.  Observed.  Error. 

A„  =  760.38  A   760.40  +.02  ) 

X^  =  396.72  H,  396.81  —.09  V          (1) 

Xi  =  393.30  II,  393.30  .00  ) 

•  -Ti  =  il  A^o  ;  ^1  =  iJ  K 

The  line  bj  is  very  nearly  },  or  more  nearly  f }  of  H, ;  the  lines  b^,  E, 
D„  are  very  nearly  \\  (or  about  J),  Ji  (or  about  J),  and  J  of  H2,  respec- 
tiTely.  In  other  words,  Hp  b,,  A  are  nearly  enough  in  the  simple  har- 
monic ratio  3,  4,  6,  to  produce  luminous  beats,  or  dark  lines,  while  H^  b^, 
E,   Dp  A,  show  a  like  approximation  to  12,  15,  16,  18,  24. 

The  tendency  of  the  harmonic  ratios  to  become  simply  geometric,  (Notes 
41-43),  is  illustrated  by  approximations  to  the  following  equations  :  B  = 

l/aC  ;  Dj  =  v'a  F  ;  D,=  /C  E  ;  bi  =  v/cTi  ;  b,  =  V\h^;  Hi  =  Vh^^. 
The  first  of  these  equations  gives  the  following  accordances  : 

Harmonic.  Observed.  Error. 

a  =  718.51  a   718.47  +.04      \ 

^  =  y/af  =  686.67  B  686.71  —.04      \         (2) 

y  =656.25  C  656.21  +.04      ) 

From  (1)  and  (2)  the  harmonic  series  in  the  following  table  is  constructed 
by  using  the  exact  harmonic  ratios  J,  |,  |,  J,  ?,  together  with  the  disturb- 
ing  ratios  Jf,  ^J,  Jf,  (which  are  all  near  enough  to  j  to  produce  luminous 
beats),  and  |J  which  is  nearly  equivalent  to  J.  Four  of  the  numbers 
which  appear  iis  terms  of  the  exact  harmonic  ratios,  (2,  3,  5,  8),  belong  to 

the  phyllolactic  scries  ;  one,  (6  =  2  x  3),  is  the  product  of  two  adjacent 

phyllotactic  factors ;  one,  7,  is  a  prime  number. 
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QlnwrvrJ. 
A.  700,40 
n  TIS.4T 
B  «6fl.Tl 
C  «IWi-21 
D,  5S«.S1 
D,  AW.Bl 
E  aSfl.H7 
b,  ni6.Sl 
b,  S17.22 
b,  516.«a 
F  4*!.  (17 
O  430,73 
h  410.19 
,,  aoe,73  n,  806.81  — -W 

^,  3tf8,!tO  11, 393.80  .00 

[q  the  bnmtunic  lulumD.  ^,  ^  {|  jf, ;  ,},.  t  »n(l  4,,  nrvoIitidiiMlb^nuil* 
Uplyini; ;];,  by  ().  {)  and  J.  rcapcciivdy  ;{=}«.  and  ^,  : 
•  and  y  =:  (I  ij  :  J,  =:  4  ^.  All  tbc  tUflrreoces  bctweea  tbe  hnrmnnk  and  tb 
observed  values  aro  unqurwllonabl}'  wiihin  tbc  limits  of  probable  frmn 
nf  obaerTAtiuD.  mit  indicated  by  tlie  dlRprent  relative  eaUmUo  uf  Unt*  ia 
niutallic  spertm  by  dHfcrent  obwrvcw. 

Till'  inHuence  of  relative   rU  vita  bclwi'Pii  llip  cbicf  cenlri"-s  ofderflfj 
still  ol'  niiclention,  Earfli  jinil  f^un.  is  slmwii  Imtli    In   l]\r  -.i..>.triiiii  snri  lit, 

tbe  mean  rapturing  loci  or  the  principal  planetary  masses.  Jupiter  and 
Saturn.  Such  influenee  Is  a  necessary  consequeacc  of  the  equality  of  ac- 
tion and  reaction  in  the  interchanges  of  stbereel,  molecular  and  cocaical 
vu  viva.  The  sum,  or  the  mean  of  all  tbe  gravitating  acceleraUons  apM 
thcKtbereal  particles  in  a  radius  vector  by  each  of  two  mutUKllyattncting 
boilics.  is  proportioned  to  tbcir  respective  niaascs,  ;  oc  m.  The  retulting 
mean  nil  rii»i  of  subsidence,  nig^,  isproporlioncd  tolhecubesof  themave*. 
Nascent  tit  vita  is  jj*  X  orbital  eu  vita,  or  ,t'  x  representative  orbital  fW- 
jeclion  against  uniform  ethereal  rcaistance,  or  2  t:  X  the  correspondinf 
nai^.-enl  projection.  If  we  take  the  theoretical  oscillatory  ratio  betweea 
the  masses  at  the  chief  centres  of  density  and  nucleation.  m,  ^  831776  «i: 
p,  =  U3785700  miles  =  140320000000  metres.  Hence  the  proportions : 
14S32O00O000  ;  331776'  :  ;  ;:'  :  ,00000000041432 
140320000000  :  331TT6'  :  :  2  n  : .00000000065073 
Both  of  these  values  represent  spectral  wave-lengths ,  one  being  ahoal 
one  per  cent,  greater  than  h.  tbe  other  about  )  of  one  percent  less  than  C. 
Tlic  ratio  between  the  values,  -q-,  istotberatioof  Ctoh,  {,  as  Sun'sstmi- 
diameter,  1,  is  to  the  mean  rupturing  radius-vector  of  the  centre  of  gravity 
of  Sun  andJupiter.  I.niasft.  The  projectile  ratioof  414.32  from  h,  .01011 
is  to  the  projectile  niJoot'C  fium  050.73,  .00S48,  as  Jupiter's  mesnpr<:|jec- 
tion  from  Sun,  S.203,  is  to  Saturn's  meau  projection  from  Jupit«r,  4.tMt 
vriUiin  1  of  one  cent. 
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The  Names  of  tJie  Gods  in  the  Kiche  MytJis,  Central  America.    By  Daniel 

O.  Brinton,  M.D, 

{Read  before  the  American  PhUosophieal  Society ,  Notemher  ^  1881.) 

Contents. 

The  Maya-Kiche  stock,  and  the  Kiche-Cakchlquel  tribes.— The  National  legend 
of  the  Klches,  the  Popol  FuA.— Aids  for  Its  study.— Meaning  of  its  Title.— Bi- 
sexual Divinities.— Hun«ahpu-vuchf  the  Opossum  god.— Hun-ahpu-utlu,  the 
Coyote  god.— Totemic  worship.— Zakl-nlma-tzlz.  the  White  Badger. — Nim-ak, 
the  Great  Hog.— Tepeu,  the  Syphilitic  god.-Gucumatz,  the  Feathered  and 
Piumed.— The  Heart  of  the  Sky.— The  Master  of  the  Green  Dish.— The  first 
pair,  Xpiyacoc  and  Xmucane.— The  Storm  and  Earthquake  gods;  Hurakan 
and  his  Companions.— Invocation  to  Hurakan.— Q^bull,  the  Divinity.— 
Raxa-nanauac,  Nagualism  and  Noh,  the  god  of  Reason.— The  tribal  gods,  Tohll. 
the  Just,  Avillx,  Hacavitz,  etc.— The  myth  of  Xbalanque.— Xlba.ba,  the  Un- 
derworld. —  Derivation  of  Xbalanque. — The  Hbalamob  of  Yucatan. —The 
Patrons  of  Arts,  Hun-batz  and  Hun-choven.— Afflnlties  with  Aztec  Myths.- 
Color  names  in  the  Myths.— Conclusion. 

\)f  the  ancient  races  of  America,  those  whicli  approached  tlie  nearest  to 
a  civilized  condition  spoke  related  dialects  of  a  tongue,  which  from  its 
principal  members  has  been  called  the  "Maya-Kiche"  linguistic  stock. 
Even  to-day,  it  is  estimated  that  about  half  a  millioi\  persons  use  these  dia- 
lects. They  are  scattered  over  Yucatan.  Guatemala  and  the  adjacent  ter- 
ritory, and  one  branch  formerly  occupied  the  hot  lowlands  on  the  Gult 
of  Mexico,  north  of  Vera  Cruz. 

Of  the  sixteen  difierent  dialects  into  which  this  stock  has  been  divided, 
the  Maya  was  considered  by  that  eminent  authority,  the  late  Dr.  C.  H. 
Berendt,  to  be  the  purest  example  ;  although  it  has  also  been  asserted  that 
the  most  archaic  forms  and  structure  are  to  be  found  in  the  Zakloh-Pakab, 
otherwise  called  the  Mam,  spoken  in  a  portion  of  the  province  of  Socoii- 
118CO  and  Chiapas,  by  a  tribe  which  alone  of  these  natives,  so  far  as  I  knov.-, 
claimed  to  be  autochthonous.  The  Mam  is  agglutinative,  and  its  gram- 
matical structure  is  complex,  traits  much  less  marked  in  the  other  mem- 
bers of  the  group. 

The  so-called  "metropolitan  "  dialects  are  those  spoken  relatively  near 
the  city  of  Guatemala,  and  include  the  Cakchiquel,  the  Kiche,  the  Pokon- 
chi  and  the  Tzutuhfl.  They  are  quite  closely  allied,  and  are  mutually  in- 
telligible, resembling  each  other  about  as  much  as  did  in  ancient  Greece  the 
Attic,  Ionic  and  Doric  dialects.  These  closely  related  members  of  the 
Maya-Kiche  family  will  be  referred  to  under  the  sub-title  of  the  Kiche - 
Cakchiquel  dialects. 

There  are  well  defined  phonetic  laws  which  have  governed  the  growth 
of  all  these  dialects,  and  several  of  them  have  been  clearly  set  forth  by 
M.  Hyacinthe  de  Charencey  in  a  comparative  study  publislied  some  years 
itgo.*    In  regard  to  their  phonetic  system,  it  may  be  said  that  it  is  charac- 

•  JSeehereheM  nur  les  Lois  PhonHiques  dans  les  Idiomes-'ds  to  FamUU  Mame-Huas^ 
Ugue,    Beyae  de  Linguistiqaa^  Xome.v. 
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teriuid  b^  numerous  hr.rsh  giitiurals.  by  lilasuig  Ronmlti,  tuid  cTiilMlnw 
"ilQtannting"  ronsoimnis,  which  strike  mml  Earoyt^un  iMts  dingmBblr, 
And  lu  lUu  nlplutbetic  represcniatioti  of  whtrh  iliere  It  art  uoir-inDli; 
umongnutliurs.* 

The  civilization  of  llieso  punplo  was  such  Ihat  tlity  uai^d  rnrtoui  mnc- 
inunic  signs,  appntunliiiig  uur  nlphabel,  to  recartl  and  rvinll  their 
inyihology  and  Hiswry,  Fmgnieiila,  more  or  less  coiopletc^  nf  ibac 
tnidiiiona  bava  been  pmservcii.  Ttie  most  Dolabic  of  ihvae  u  Iku  Nuiioail 
Legend  of  ;lic  Kiehcs  of  aiiatoni*l».  ilie  eudiiled  ApW  Vni.  U  wu 
written  at  an  unknown  dnie  in  ilie  Kiclie  dialect  Iiy  a  native  who  mi 
rntnillar  with  Wte  anrlenl  records.  A  SjMnisli  tninelntlon  of  it  wa*  marie 
uiirly  in  ilie  Insl  twutiiry  by  a  Bpaniah  priest.  Failier  Fraacincu  Xinietiea. 
nnil  woB  flrBt  pulillaliud  at  Vienna,  1857.f  In  18S1  llin  original  text  in* 
printed  in  Paris,  willi  a  FrcnrU  tranelaUun.  by  lUe  c&n  of  ilto  Utc  nmi 
iicnt  ATDPrlcBniat,  tlin  Abb£-  Braaacur  (da  llourbourg).  This  nrigiiwi 
oovera  about  ITS  ocuvn  pages,  nnd  is  tlifrufrirv  lilghly  iinponaot  ad  a  Ita- 
giiistic  03  well  OS  an  urcliniolnglciil  nioniintent. 

Bulli  tliUHe  truuBiaiionfl  arc  justly  opon  in  criticism.  It  ueedt  bnt 
little  study  to  see  Uinl  tUuy  are  botli  stniugly  <x>l(ir«il  by  ilic  vi^w  wliidi 
Ilierespectivo  translators  entortainod  of  Uic  purple  of  tlM  ori^okl.  SUint- 
txez  thought  it  was  prindpkliy  a  Mtlr«  of  tlw  devil  on  Christuiaity,  and  • 
snare  spread  by  him  to  bniriip  souls  i  Bnissenr  belicTCMl  it  to  be  n  bliux; 
■if  llie  unricnt  wur^  of  tile  Kirliett,  and  fn'queiilly  iiirdes  his  Euhi^rai-'risni 
so  fnv  as  lo  distort  the  sense  of  the  original, 

Wliat  lias  addled  to  llic  difficulty  of  correcting  these  erroneous  impres- 
sions is  llic  extreme  luiiifity  of  material  for  studying  llip  Kiche.  A 
l^ranimar  written  by  XiniencK  has  indeed  been  published,  but  do  dic- 
tionury  is  available,  if  we  except  a  liricf  "Vocabulary  of  the  Principal 
Itoots  "  of  these  diiilccls  by  the  same  author,  wliich  is  ainiost  uwless  tnt 
critical  purposes. 

It  is  not  sur|irisiiig.  Ilivrefore,  that  some  writers  have  regarded  tint 
legend  with  suspicion,  and  have  sjiokeii  of  it  as  but  litllo  bettor  lliaa  i 
ilate  romance  concocted  by  a  shrewd  native,  who  borrowed  many  of  bis  in- 
cidents tVom  C'hrixlian  teachings.    Sndi  an  opinion  will  jnlss  away  wbcD 

wloIUie 


•  .\fter  Boine  hosllatloii  I  have  ndopteil 

Ihc  orthography  Riehe 

nioro  UBiiul  Quic/ur.   The  liiltlnL  iPtliT  Is  li 

t.iral  reprencnled  l>y  a  peciiliiir  letter  In  1 

'Mb  nmnuserlpU,  Riid  ru 

wlilch  we  have  nothing  to  carrcapond    1 

a   European  alphabets 

(miiB II termed  Ilie  naiiicus  Ki-Me;  and  a]) 

art  from  lU  being  ou  H. 

f  whole  iTjn 
eorrecl.  It  prnvetils  eoiiliiHloii  wllh  the  Qqulcliunof  Peru.  Kiche  Ik  a  coiupouaJ 
.if  klu  or  klj,  mtieli.  many,  anil  r/ie  trees.  The  orthography  adopted  l.y  Mr.  A. 
K.  Bnndcller.und credited  by  >i1m  to nr.Berendt,  laii\l.QQiiifhl,Tii'ei/,h  Anami 
Jleporl  0/  Ihii  PnOoitg  Mateam,  p.  Uai,  note)  wee  not  used  by  Dr.  Berendl.  unj 
should  not  bo  adopted,  us  It  ia  without  niithority,  and  increases  the  llntillll)' 
-of  cunnisloti  with  the  Periivlnn  language. 

t  Lia  lliilori'ii  ilet  Oriijtii  de  lot  Iiidlot  dr  cita  PrOBlncia  dc  Guatemala.    For  cl 
11,  P.  F.  fVaiiciaCo  Xlmenei. 
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the  original  is  accurately  translated.  To  one  familiar  with  native  Ameri- 
can myths,  this  one  bears  undeniable  marks  of  its  aboriginal  origin.  Its 
fre<iuent  puerilities  and  inanities,  its  generally  low  and  coarse  range 
of  thought  and  expression,  its  occasional  loftiness  of  both,  its  strange 
metaphors,  and  the  prominence  of  strictly  heathen  names  and  i>otencies, 
bring  it  into  unmistakable  relationship  to  the  tine  native  myth.  This 
especially  holds  good  of  the  first  two-thirds  of  it  which  are  entirely 
mythological. 

As  a  contribution  tothestudy  of  this  interesting  monument,  I  shall  under- 
take to  analyze  the  proj>er  names  of  the  divinities  which  appear  in  its  pages. 
The  especial  facility  that  I  have  for  doing  so  is  furnished  by  two 
MSS.  Vocabularies  of  the  Cakchiquel  dialect,  presented  to  the  library  of  the 
American  Philosophical  Society  by  the  Governor  of  Guatemala  in  1836. 
One  of  these  was  written  in  1651,  by  Father  Thomas  Goto,  and  was  based 
on  the  previous  work  of  Father  Francisco  Varea.  It  is  Spanish-Cakchi- 
quel  only,  and  the  final  pages,  together  with  a  grammar  and  an  essay  on 
the  native  Calendar,  promised  in  the  body  of  the  work,  are  unfortunately 
missing.  What  remains,  however,  makes  a  folio  volume  of  972  double 
columned  pages,  and  contains  a  mass  of  information  about  the  language. 
As  no  part  of  it  has  ever  been  published,  I  shall  quote  freely  from  it.  The 
second  MSS.  is  a  copy  of  the  Cakchiquel-Spanish  Vocabulary  of  Varea  made 
by  Fray  Francisco  Ceron  in  1699.  It  is  a  quarto  of  493  pages.  I  have  also 
in  my  possession  copies  of  the  Compendio  de  Nombres  en  Lengxva  Cakchi- 
quel, by  P.  F.  Pantaleon  de  Guzi^ian  (170^),  and  of  the  Arte  y  Voeabulario 
de  la  Lengua  Cakchiquel,  by  the  R.  P.  F.  Benito  de  Villacaiias,  composed 
about  1580,  as  well  as  a  copy  of  the  Memorial  de  Tecpan-Atitlan,  an  im- 
portant record  written  about  the  middle  of  the  16th  century  by  a  member 
of  the  royal  Cakchiquel  house  of  the  Xahila.  These  formed  part  of  the 
invaluable  collection  left  by  the  late  Dr.  C.  Hermann  Berendt,  and  have 
aided  me  in  my  researches. 

Father  Goto  himself  tells  us  that  the  natives  loved  to  tell  long  stories, 
and  to  repeat  chants,  keeping  time  to  them  in  their  dances.  These  chants 
were  called  nugum  tzih,  garlands  of  words,  from  tzih,  word,  and  nug,  to 
fasten  flowers  into  wreaths,  to  set  in  order  a  dance,  to  arrange  the  heads 
of  a  discourse,  etc.  As  preserved  to  us  in  the  Popol  Vuh,  the  rhythmical 
form  is  mostly  lost,  but  here  and  there  one  finds  passages,  retained  intact 
by  memory  no  doubt,  where  a  distinct  balance  in  diction,  and  an  effort  at 
liannony  is  readily  noted. 

The  name  Popol  Vuh  given  to  this  work  is  that  applied  by  the  natives 
themselves.  It  is  translated  by  Ximenez  "libro  del  comun,"  by  Bras- 
Bcur  **livre  national."  The  word  popol  is  applied  to  something  beld  in 
common  ownership  by  a  number;  thus  food  belonging  to  a  number  is 
popol  naim;  a  task  to  be  worked  out  by  many,  popol  zatnah;  the  native 
coancil  where  the  eldere  met  to  discuss  public  affairs  was  popol  tzih,  the 
common  sjwech  or  talk.  The  word  pop  means  the  mat  or  rug  of  woven 
rushes  or  bark  on  which  the  family  or  company  sat,  and  it  is  possible  that 
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frnm  the  coinmiiDilj  of  interests  thus  typiflci],  the  word  cam«  to  mMn  uj- 

V'lh  or  uu/i  Is  la  Kiclie  and  Cahchiqud  the  word  for  paiprr  snd  Wt;  b 
te  an  originul  term  in  these  and  connoctci)  dbl1ei^t»,  the  Muj'u  hsvitig  tuak. 
A  Irtter,  writing  \  aoeh,  lo  write. 

The  opening  wortls  of  the  Popol  Vuli  Introducu  us  ol  once  In  l]ie 
mighty  and  inysiei'ioiia  divinity  wlin  )>  tlie  snutci;  nncl  cjiuhi*  of  nil  ililngv 
and  to  the  original  cou|t|o.  male  and  fenutlt^.  who  tu  ihi-ir  [n-rvnn  und 
their  powers  typify  the  Bexiial  nnd  rcpnxluutlve  {irinciple  of  orgwilr  Itfr- 
These  words  are  ns  follows : 

"  We  are  to  bring  forward  the  in»tiife!itAtioii,  Oie  rcvciatio^ 
"tho  dpclaration  of  that  which  was  hidden,  the  cnlightennmU 
"caured  hy  Wim  who  Creates,  Him  who  fashions  t-reaturt^ 
"  IJer  who  bears  sous,  Him  who  begets  eona,  whottc. luimcs  are 
"IIuti-Ahpu-Vueh,nun-Ahpu-Utiu,  Zaki-Niraa-Tzviz,Tepefl, 
"Guctimatz,  Qux-eho,  Qux-palo,  Ah-raxa-lak,  Ab-raxa-fel. 

"  And  aloug  with  Him  are  sung  and  celebrated  in  the  Kicbt 
"histories,  tlicse  who  are  called  the  anccstrctw  and  the  aui**- 
"tor,  bjr  uame  Xpijacoc,  Xmucane,  the  preserver,  tha  protw- 
"  tor ;  twice  over  grandmother,  twice  over  prandfetbrr." 

It  will  lie  liere  oliserved  thnl  the  dccliirallou  of  the  allrtbute^  ofLbi 
highest  divinity  cnibrBOcs  distinctly  evxaal  idens,  and  in  consiKiuencc  dlliec 
of  n  confiisiiin  of  llimight  or  else  of  n  dclJluTaie  jmriwse  lo  wluch  we  fiuil 
numerous  paraliclB  in  Qreciiin,  Egyptian  and  Oriental  mylliology.  Ibis 
divinity  is  represented  as  eniliracing  Ihe  powers  and  ftinclions  of  tutb 
Bcxes  in  Ids  own  person  ;  and  it  is  curious  that  botii  here  and  in  the  second 
paragraph.  ihefeiniiU  attributes  are  aained  J!r«f. 

The  word  Alom,  her  wlio  bears  sons,  or  has  sons  (la  mvgrr  jiw  titJir 
hijoi,  Coto)  is  tVoin  the  verlml  form  altih.  to  bring  forth  children,  itself 
from  the  primitive  al.  tliL-  word  In  all  this  group  of  languages  applied  bg 
Ike  woman  only  to  her  son.  The  father  used  an  entirely  diflerent  word,  lo 
wit,  giihol.  The  active  form  of  lliis,  Oaholom  la  holom)  is  IbM 
translated.  He  wlio  begets  sons. 

First  in  the  specific  names  of  divinity  given  is  Hun-ahpu-rufh.  To  de- 
rive any  appropriale  BiguiHcation  for  this  lias  runipk'tcly  Intlfled  all  prcvioos 
stmlvnts  of  Iliis  mythology,  i/un  is  the  numeral  nnc,  but  wliich  also,  u 
in  most  tongues,  has  the  other  uicanin^s  of  fiist,  foremost,  self,  uoiqae. 
most  pn>minent,  "the  one,"  cic.  Ah  pu  is  derived  bolti  hy  Ximcoei;  and 
Brasscur  Irom  the  prefix  aU,  which  is  used  lo  signify  knowledge  or  pusses- 

■  Ttic  mcnnina  "a  gatlierliig  of  leaves"  assigned  to  the  words  popof  ruA.  br  Mr. 
A.  F.  llanileller  In  n  recent  paper  | T^'aiuufHorM  of  f>r  Amrrican  Aoor.  A± 
Bcienrrs.\a\.  xxvn,  p.  32N!.I  Kliould.  pfrfanps,  ineDtlon.  in  orUerto  Kiy  Ibol  Uli 
quite  ImiiglDnry  and  gruundlesR. 
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sion  of,  control  over,  mastership  or  skill  in,  origin  from  or  practice  in  that 
to  which  it  is  prefixed  ;  and  itb,  or  pub,  the  sarbaeana  or  blowpipe,  which 
these  Indians  used  to  employ  as  a  weapon  in  war  and  the  chase.  Ah  pu, 
therefore,  they  take  to  mean.  He  who  is  skilled  in  using  the  sarbacane. 
Vuch,  the  last  member  of  this  compound  name,  is  understood  by  both  to 
mean  a  species  of  fox,  the  ttacuatzin  of  the  Mexicans,  which  is  the  Opossum. 

In  accordance  with  these  derivations  Ximenez  translates  the  name  Un 
Hrador  taetui$in,  and  Brasseur,  Un  Tireur  de  Sarbaeane  au  Sarigiu. 

Such  a  name  bears  little  meaning  in  this  relation  ;  little  relevancy  to  the 
nature  and  functions  of  God ;  and  if  a  more  appropriate  and  not  less 
plausible  composition  could  be  suggested,  it  would  have  strong  intrinsic 
claims  for  adoption.  There  is  such  a  composition,  and  it  is  this  :  The  de- 
rivation of  Ahpu  from  ah-pub  is  not  only  unnecessary  but  hardly  defensi- 
ble. It  is  true  that  in  Cakchiquel  the  sarbacane  i»  pub,  but  in  Kiche  the 
initial  p  is  dropped,  as  can  be  seen  in  many  passages  of  the  Popol  Vuh, 
but,  this  apart,  the  true  composition  of  this  word  I  take  to  be  unquestion- 
ably ah'puz,  for  puz  has  a  distinctly  relative  signification,  onq  intimately 
associated  with  the  most  recondite  mysteries  of  religion  ;  it  expressed  the 
divine  power  which  the  priests  and  prophets  claimed  to  have  received 
from  the  gods,  and  the  essentially  supernatural  attributes  of  divinity  itself. 
It  was  the  word  which  at  first  the  natives  applied  to  the  power  of  the  for- 
giving of  sins  claimed  by  the  Catholic  missionaries ;  but  the  word  was  as- 
sociated with  so  many  wholly  heathen  notions  that  the  padres  decided  to 
drop  it  altogether  from  religious  language,  and  to  give  it  the  meaning  of 
necromancy  and  unholy  power.  Thus  Goto  gives  it  as  the  Cakchiquel 
word  for  Mctgic^i,  Nigromantiea,  and  under  the  word  Poder,  has  this  in- 
teresting entry  : 

**  l^odep :  vtzini^nbal,  vel  vUinUtr^ibal ;  deste  nombre  usa  la  GartilUi  en  el 
"Credo  para  decir  por  obra  vel  poder  del  Spirito  Santo.  Al  podcr  que 
"tiiinen  los  Sacerdotes  de  perdonar  pecados  y  dar  sacramentos,  se 
'Mlaman,  o  an  llamado,  puz,  naiial.  Asi  el  Pe  Varea  en  su  Dic^ionario 
*'y  el  Sancto  Vico  en  la  Theologia  Indorum  usa  en  muchas  partes  destos 
"  vocablos  en  cste  sentido.  Ya  no  estan  tan  en  uso,  pues  entienden  por 
"el  nombre  poder  y  vtzintm^ibal ;  y  son  vocablos  que  antiguamente  aplica- 
"ban  a  sus  idolos,  y  oy  se  procure  que  vayan  olbidando  todo  aquello 
'*  con  que  se  les  puedc  hacer  memoria  dellos." 

The  word  puz  is  used  in  various  passages  of  the  Popol  Vuh  to  express 
the  supernatural  power  of  the  gods  and  priests,  but  probably  by  the  time 
that  Ximenez  wrote  it  had,  in  the  current  dialect  of  his  parish,  lost  its 
highest  signification,  and  hence  it  did  not  suggest  itself  to  him  as  the  true 
derivation  of  the  name  I  am  discussing. 

The  third  term  Vuch  or  Vajh  was  chosen  according  to  Ximenez,  be- 
cause this  species  of  fox  is  notoriously  cunning,  '*por  su  astucm.*'  It 
seems  to  me  on  the  whole  probable  that  this  is  correct,  and  that  we  have 
here  a  reminiscence  of  an  animal  myth,  such  as  we  might  suppose  in  an 

rly  stage  of  civilization  might  have  grown  out  of  the  story  of  Reynard 


Brill  lull.]  6^8 

tUr-  Fox.  It  is  certain  tliut  cunning  nnil  Aatiitenes^  ia  Binnll  tlila^  an 
Ifftiu  nf  cli^nicter  exciM^dingly  HiluiiriMl  by  lUe  vul|^r  unil  nnntiiwlrf 
cvi-j'ywlicre,  iinil  it  Ea  quite  jxtwible  tliiit  lliuy  mine  li>  Iw  ItHilcnl  ii|«>ii  ■■ 
appropriftlo  attribuUit  or  lliu  hlglie«l  cunculvaliii'  divinity,  us,  iii<lce<L  tba« 
ii  iii>  di>iibt  Imt  tlial  tlioy  were  nmoag  tliu  Al};uakiu  mut  uilicr  tutniiag 
trilicsuf  ihG  Nfirtli. 

But  wliilu,  ft*  I  say,  I  am  incliiieil  u>  «ix«pl  the  reiideriiis  i>f  Vagk  w 
tlif  tlncimtxin,  It  Uta  nnt  tiiis  'moiining  only,  Uut  sctxral  olIiprH,  wutu  p( 
wliicli  an.' HO  aug^'>itivs  Ilial  I  tthall  quote  wliai  Fntlivr  Cutu  Ihw  Ut  »j 
on  tlit^  itubjti(.-t  iindur  tlw  word  It^pom,  bo  tlint  thf  rttadcr  n»j  »ii»pt 
BiKtlhflr  mcauing  If  lio  cli(Xig<w. 

"Rajxtitn:  n'non ,' estos  son  1(19  miu  pnruM-'idns  a  Ins  lie  B»p«fi]i.  *  *  *; 
"oiro  g^Dorki  qilucnnie  gnllinna,  el  MRXicaanle  IImii^  IHVUsl4;iii;  anv 
' '  Human  I'u^A  ;  y  iioia  que  estc  nieaiuo  uornbru  tienc  tin  grnpri>  de  balit 
"nil  qno  pnn  In*  pics  dnn  buc1ln>i  n  nn  pnla  ;  tambion  siguiliCHVl  Innblar 
"<\v  L'UBrpii  qut)  da  con  la  torciiLna,  o  la  inismu  qisstun  ;  signlflu  id 
■miiHinn  quanilo  qiircre  ya  amanraciT  nqiiul  pi>niTBe  iMcuro  el  cielo: 
"  tnmbion  r|itani1o  auciu  Mtar  el  agutk  del  riu  o  la-;iina,  par  onilpitaiEu- 
'■s\b,  callunLc,  at  inl  cnloraillo  Hainan  Vugh." 

Ot  tlHwe  various  niennlngs  one  is  tftuipted  to  take  Ihul  wlilcb  appUei 
the  word  to  "tlu)  darkncH  tlut  eotaes  before  the  iluwn,"  muIomibm 
Ilim-alipu-vueU  witlithti  auroral  g!>ds.  the  furerunncra  of  tlic  light,  Hke 
i;i>t  " Klcliigotiai,  thnae  who  m^kc  tbe  day,"  ol  Al^oukin  mythology. 

There  is  r  cilrioua  passage  in  Ilie  Popiil  Vull  wllicli  lliiplit  bf  lin>iii:lil  np 
in  support  of  sucli  an  opinion.  It  occur.*  at  a  certain  period  of  the  blstoij 
of  tlie  mythical  hero  lluiiahpii.    The  text  reads  ; 

"Arceut  taclilr'ahziibirlc,  "And    now    11    wai   about   to  beoum* 


And  the 

d««-ii  o« 

me. 

The  duy  opened. 

'  Is  ihe  ro 

Yea.  nnn 

wered  til 

Then  be 

"legs: 

Agnln  th 

lednrKnc 

SB  app. 

Tour  tLn 

bUlep. 

s  leK^■• 

ny  ib< 

people 

yet  (ractt 

nlag  tbat  tbe  day  V 

This  passage,  says  llie  AlibC  Brasseur  in  his  nolc  lo  the  page,  "eonccib 
a  niy.^lery  having  rclatiozi  to  the  ancient  gencsiac  theories  of  Meiicoand 
Central  Amen'ea." 

The  double  meaning  in  this  text  depends  partly  on  the  vcrh  xaqainiulaf. 
The  Abbe  says  :  "  Xaquin  signille  oiirtir  les  jambes,  et  uch  on  raeh  est  it 
aarigiie.  Pour  exprimcr  que  le  .]our  parut,  on  dit  Icxiuellemeul.  le 
aariguc  cntr'ouvre  les  Jamhcs."  Tliis  word  is  from  titc  same-  root  as  Ibe 
Maya  Xnck,  lo  spread  the  Tect  apart,  srneanah,  to  spread  the  legs  (PJo 
Perez,  Dkciomirio) :  Cakchiqucl,  tin  xaeaba  ta,  I  spread  my  legs  (  To  ain 


1881.1  619  [Brlntoii. 

las  piernas,  Colo,  Vocahulario.)    A  mollification  of  the  root,  to  wit,  q'aq, 
means  to  oj>en,  generally,  a  door,  window,  etc. 

The  Abbe  adds  that  the  expression  referred  to  by  the  writer  of  the  Popol 
Vuh  as  a  common  one  to  express  the  approach  of  day  is  no  longer  in  use  ; 
but  it  had  not  become  obsolete  in  Coto's  time,  as  the  following  passage 
shows  : 

**  Esciiridacl :  una  que  ay  quando  quiere  amancscer,  tugh;  tan  tixakin 

Here  we  have  the  precise  expression  under  consideration,  and  as  it  is 
also  given  by  Guzman  (Compendio  de  Nonibres,  p.  22)  it  is  probably  an 
error  of  Brasseur*s  to  consider  it  obsolete. 

So  long,  however,  as  there  is  no  further  evidence  to  support  the  identity 
of  Hun-ahpu-vucli  with  the  dawn-heroes,  we  may  reasonably  explain 
this  supposed  genesiac  mytli  as  based  on  the  homophony  o^vuch,  fox,  and 
vucK  the  darkening  before  dawn.  This  homophony  contains,  indeed,  rich 
material  for  the  development  of  an  animal  myth,  identifying  the  fox  with 
the  God  of  Light,  just  as  the  similarity  of  the  Algonkin  waubisch,  the  dawn, 
and  waubos,  the  rabbit,  gave  occasion  to  a  w-hole  cycle  of  curious  myths 
in  which  the  Great  Hare  or  the  Mighty  Rabbit  figures  as  the  Creator  of 
the  World,  the  Day  Maker,  and  the  chief  God  of  the  widely  spread  Al- 
gonkin tribes.* 

Tlie  result  of  the  above  analysis  is  to  assign  Ilun-ahpu-vuch  the  signif- 
ication :  "The  One  (or  chief )  master  of  supernatural  power,  the  Opos- 
sum." 

A  main  reason  why  I  retain  the  meaning  Opossum  is  that  the  names 
which  follow  are  unquestionably  derived  from  animals.  The  second  is  Hun- 
Ahpu-Utiu.  The  last  factor,  utiu  is  the  wolf,  the  coyote,  an  animal  which 
plays  most  important  parts  in  the  native  cosmogonical  myths  all  through 
the  Californian.  Mexican  and  Central  American  tribes.  In  the  Records 
from  Tecpan  Atitlan  it  is  related  that  when  man  was  first  formed  by  the 
power  of  the  sacred  Chay  Abah,  the  knife-stone  or  obsidian,  and  placed 
in  the  earthly  paradise  Paxil  (the  derivation  of  which  name  I  shall  con- 
sider later)  there  came  the  coyote,  utiUy  and  the  crow,  kooth,  and  were 
aboat  to  destroy  the  maize  harvests,  but  the  coyote  was  killed,  and  thus 
the  grain  was  saved.  The  remaining  elements  being  the  same  I  para- 
phrase this  : 

"The  One  (or  chief)  master  of  supernatural  power,  the  Coyote." 

In  the  third  name,  Zaki  Nima  I^yiz,  the  first  two  words  mean  respec- 
tively White,  great;  the  third  is  the  common  name  for  the  pizote  or  badger, 
an  active  little  animal  quite  familiar  to  the  Indians,  and  the  name  of 
which,  as  we  are  informed  by  Father  Coto,  was  currently  applied  to  an 
active,  lively  lad.  His  words  are  : 
**I^izote :  vn  animalejo  como  el  tejon,  o  el  mesmo,  t^iz;  son  caserositos, 

•  I  havelraeod  the  growth  of  thts  myth  indetnilin  The  Mytfut  of  the  yew  Worlds 
a  TrecUUe  o  *>  the  Symbolism  and  Mitthology  of  the  Rid  Race  of  America,  Chap.  VI, 
iNew  York,  1876). 
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"  rogcn  ricqai'DM,  y  iriiuimOB  mucho.  y  dc  luiaastc  nnima]  tmnui  d  detfa 
"ijiiiiiidu  vn  muuhacho  es  trnvlcsn,  ^ixnlah  a^uat,  nc." 

Tlie.w  nro  Uio  tnuislittionB  given  by  Ximfjiei: :  "  grandmif nin  asDd* 
plwic,"  "very  actlvo  |ila>te,"  Aud  "btunco  jiiEOti',"  "wUiu  pizoiF,"  Bui 
Brasst^uT  il«rivt»  Ujftf  ttam  tiito,  tn  sew.  an<l,  In  »  reli^os  scote.  ui 
Amir  hlnocl  by  ptjcklng,  n  »acriflciiil  ciiBtom  of  tlioev  countrirs,  (or  vhifA 
llB«(iiluteBllw»utliority  of  Ihe  M39.  Kichu  riionbulnry  of  BasseU :  "Pim- 
gmnu  imra  BncHflcRr  &  Ior  idolne,"  Ho  thcrcforo  tronabttt^:  "Gnnd 
Bluuc  riqiieur;"  but  this  uwins  lauiImiRBlble.  its  "tlic  odd  wbosewv  at 
pricks"  ia  expressed  by  tititim  or  UUontit  (Pnft>,  «,  *.  Co»*r).  WemtM 
Uieivfurci  Include  ibis  among  tbe  aniiQUl  namm. 

AUUougli  not  cimtitincMl  ia  the  paragm|)Ii  ciiiottnt,  I  \wn>  brin^  oo'lrt 
conxIdcniTlon  anulber  unimAl  aaiue  wbich  elsewhere  in  Ute  I*op»l  Vtib  a 
need  iis  synuayni'iuB  wllb  ttie  above.  Thus  (p.  30)  wc  hAv»  Uih  iDfOo 
Uon: 

"  Make  kaown  your  name,  Hitn-ahpu-ruch,  Iliui-aliiin-iitiii, 
"  twice  over  bearer  of  cliildren,  twice  over  begetter  of  eliildrco, 
"  Nim-ak,  Nim-tzyiz,  master  of  the  emerald,"  etc. 

The  namo  flim-ak  Is  elsewbere  given  Zaki-nim-nk.  Tbe  TonntT  mcut 
"OrenlHoj;,"  Mio  Imter  "  White,  Qrent  Hug."  Bnueeur  UHnslatM ot m 
wild  boar  {tanyUer),  but  it  is  [be  commou  gu'neric  name  for  llie  liog.  willi- 
oul  ilistim'tion  of  sex.  In  a  lalcr  psssage  (p.  40),  tti'  nrc  infcrmni  lluit  ii 
was  tbe  name  of  an  okl  man  with  nbite  bair,  and  liiat  ZHki-iiIma-lzyiiwu 
tlic  nuiiic  c)f  an  old  woman,  liis  wife,  ait  bent  and  doubled  up  with  a^, 
but  botli  beings  of  marvelous  magic  power.  Tims  we  find  here  an  almost 
unique  example  of  llie  deification  of  tbe  bog  ;  for  once,  tbls  useful  animal, 
generally  dc»plaed  In  mythology  and  anatbcmalised  in  reljgktn,  is  given 
the  Iiiglicflt  pedestal  in  (he  Panilieon. 

We  should  probably  understand  these  and  similar  bmle  gods  to  be  relics 
of  a  primitive  form  of  totcmic  worship,  such  as  was  found  in  vigor  anion; 
some  of  the  nortliern  lril>es.  Various  other  indications  of  lliis  can  be  di.'- 
c<)verc<l  among  Ihe  branches  of  the  Maya  family.  Tlie  Cakchiquels  were 
called  "the  people  of  Ihe  bit"  (loq'),  UiatanlmiU  being  their  national  sign 
or  token,  and  also  tbe  syuibol  of  their  god  (Papol  Vuh,  p.  235.  349).  Tli« 
ttttur  owl,  ch/tn  or  cuinaU  serpcnl,  balam  tiger,  and  geh  deer,  arc  oilier 
animals  whose  names  are  applied  to  proininent  families  or  tribes  In  lliesc 
nearly  rclaletl  myths. 

The  priests  and  nik'rs  also  assumed  frequently  the  names  of  animal;, 
and  some  pretended  to  be  able  to  transform  themselves  into  them  at  «i)1. 
Thus  il  isMkid  of  UncumatzOoIuha.  fiflh  king  of  the  Giches,  tliat  be  trmi- 
formed  himself  into  ao  eagle,  into  a  tiger,  Into  a  serpent,  and  into  coagn- 
1atc<l  blood  (p.  814).  In  their  dances  and  other  fiacrcd  ceremonies  Ihtr 
used  hi<leons  masks,  carved,  painted  and  ornamented  to  represent  tbe 
beads  of  eagles,  tigers,  etc.     These   were  called  goh,  as   colAal  mn  wf, 
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the  mask  of  an  eagle,  cohhal  ruvi  balam  ;  the  mask  of  a  tiger,  etc.  (Goto, 
8.  V.  Mascara  vel  Caratula.)  In  Maya  the  same  word  is  found,  Koh, 
and  in  the  Codex  Troano,  one  of  tlie  few  original  Maya  manuscripts  we 
have  left,  these  masks  are  easily  distinguished  on  the  lieads  of  many  of  the 
persons  represented.  Recent  observers  tell  us  that  in  the  more  remote 
parishes  in  Central  America  these  hideous  brute  faced  masks  are  still 
worn  by  the  Indians  who  dance  in  accompanying  the  processions  of  the 
Church  !*  Even  yet,  every  new-born  child  among  the  Kiches,  is  solemnly 
named  after  some  beast  by  the  native  **  medicine  man  "  before  he  is  bap- 
tized by  the  Pad  re.  f 

•  This  brings  me  to  a  name  which  has  very  curious  meanings,  to  wit, 
Tepeu.  It  is  the  ordinary  word  in  these  dialects  for  Lord,  Ruler,  Chief  or 
King.  Its  form  in  Cakchiquel  is  Tepei,  in  Maya  Tepal,  and  it  is  probably 
from  the  adjective  root  Up,  filled  up,  supplied  in  abundance,  satisfied  (col- 
mado,  satisfecho,  que  tiene  sufflciente,  Brasseur,  Vocahulaire  Maya- 
Praneais  et  EspanoV).  In  Kiche  and  Cakchiquel  it  is  used  synonymously 
with  gaUl  or  gagal  and  ahau  as  a  translation  of  Senor  or  Cacicjuc. 
But  it  has  another  definite  meaning,  and  that  is,  the  disease  syphilis,  the 
buboes  or  pox  !  And  what  is  not  less  curious,  this  meaning  extends  also  in 
a  measure  to  galel  and  ahau. 

This  extraordinary  collocation  of  ideas  did  not  escape  the  notice  of  Xim- 
enez,  and  he  undertakes  to  explain  it  by  suggesting  that  as  syphilis 
arises  from  cohabitation  with  many  different  women,  and  this  is  a  privi- 
lege only  of  the  great  and  powerful,  so  the  name  came  to  be  applied  to  the 
chiefs  and  nobles,  and  tcf  their  god.  But  I  shall  give  this  explanation  in 
his  own  words  : 

"  Y  tambien  como  a  Dios  se  le  dan  muchos  epitetos  de  grande,  de  sabio 
••y  otras  cosas,  le  dan  el  nombre  de  Tepeu,  este  significa  las  bubas,  y  en 
"8U  gentilidad  era  grandeza  de  los  Seiiores  el  tenirlos,  porque  era  sefial 
"de  mas  poder  para  cohabitar  con  muchas  mugeres  de  adonde  se  suelen 
"  contraer,  cosa  que  la  gente  ordinaria  no  podia.  *':f 

Of  course,  syphilis  has  no  such  origin,  but  if  the  Indians  thought  it  had, 
and  considered  it  a  proof  of  extraordinary  genetic  power,  it  would  be  a 
plausible  supposition  that  they  applied  this  tenn  to  their  divinity  as  being 
the  type  of  the  fecundating  principle.  But  the  original  sense  of  the  adjec- 
tive tep  does  not  seem  to  bear  this  out,  and  it  would  rather  appear  that  the 
employment  of  the  word  as  the  name  of  the  disease  was  a  later  and 
secondary  sense.  Such  is  the  opinion  of  Father  Coto  who  says  that  the 
term  was  applied  jestingly  to  those  suffering  from  syphilitic  sores  because, 
like  a  chieftain  or  a  noble,  they  did  no  work,  but  had  to  sit  still  with  their 
hands  in  their  laps,  as  it  were,  waiting  to  get  well ;  and  when  they  had 

•  IHe  In'tianer  von  Santa  Calalina  latlavacan  ;  ein  Beitrag  zur  CuUurgeschi  hte  der 
l/jrbewohner  Central  Amerikas,    Von  Dr.  Karl.  Scherzer,  p.  9{Wien.  1856;. 

flbid,  p.  11.  « 

X  Eaeolios  i  las  Ristorias  del  Origen  de  las  Indioa,  pag.  157.  * 
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rucovercd  it  was  uttlriixlly  snid  ttC  (Uvm  that  t)ii-y  liuil  gir«n  Qp  Ibtfe 
sovereignty.    To  quote  bl»  woitls  : 

"Bttbfts:  galil  vcl  «pM.    "    •    Qimiulo  nn  pasjiilo  4i«iii    xin   mW 

' '  ah-iuurrm.  id  tKt,  yn  »n  diijikilo  su  Hi-Soriu,  jiorijuc  ol  nae  laa  liuir  « 

"  r^m  acntikdn.  sin  liiii:Rr  coan,  n>iii»  si  tacac  st'Bor  o  »cQ(>ni. 

"  8f>5ora  :  rvyahau  ;  BeOnrlx.  iouolutuartni    *    *    Du)t«  Dl>■u^K  e^*- 

"Anu  TMn  roetaiiLuriutuiKtilu  pam  dccir  que  una  mugnr  mon  tine 

"linbosi  porqiie  so  osta  sin  tui«er  coss.  muno  solirc  numo,    *   *  ^ 

"ijitmiilu  K  sunado  tie  )&  tuiri^raieUad,  (lic«n,  si  gs    Tmron  :  nuAti 

"  raAatuirtm  u«A(  fHrnal  Upct.     Teprr  es  la  rDf«nnt<i]ni1  Ae  l)uliu." 

I  should  not  omit,  to  remark  tliut  tliiR  slmngc  Hssncintion  of  idfo*  i*  dm 

confined  lo  ibe  dialecU  of  wLleli  I  ftu  8]>eabiag.     It  occurs  nut  unA*- 

.   qitenlly.    In  Hnya,  ku  is  llu.-  carliusl  and  bruiiUMt  lumc  for  ditiniif : 

'    Aui^  in  1(1  wnrelilp,  nnd  ll  also  moiiia  a  HCab  or  «nn>.     As  In  Kirlio  fti 

utcuus  ihe  pus  »r  innttt^r  from  n  suit,  tLu  lorm  ahpti  Hpplied  to  llic  tiigbM 

,    god  mny  »l«o  mean,  ■■licivhn  hiia  nmiiing  sores."     Funbonnoiv.  (n  dK 

Aei«;  longiie  lutHahaall   inetuis  it  iwriiuu  sulTtiting  frum  sypUilb:  U  k 

nlso,  In  tt  myth  pnaorvod  by  Snhftgnn,  ibc  nnms  of  ibc  Sun  (1«1,  ant)  It  b 

relatMl  uf  UUn  Lliut  tut  atMcrlflci',  lierore  becoming  tlio  aun.  lie  threw  UiM 

tht^  MU'riflcinI  tUmcs,  nut  prccltms  glfu,  u  the  nititfim  wns.  bnt  Uir  mfai 

trom  Ills  aorcs-t    So  nlso  Caracaracol,  &  pnulaent  figura  in  lUfUas 

luythulugy  is  rt^prcBunlcd  xim  suffering  fVom  iams  ur  bubom. 

Tli{i  nmue  (7ueuAt<it2  is  corruclly  Hlatud  by  XinieuF>!  to  b«  capable  ofivi 
derivations.  TliQ  Brst  takos  it  frum  gagum,  a*  fc^itbt-r ;  tin  gugnmii  I 
cinbroidvr  or  cover  witb  rcutbers  (enplumar  algo,  cnino  lutnen  en  k* 
guaypllea.  etc.  Colo.  S.  v.  /Tumii).  Tlie  eerond  derivation  is  fnim  juj, 
fcnibcr,  and  cunuiU,  llie  generic  name  for  eeriwnt.  Tbe  flrst  of  ihrse  if 
that  which  the  writer  of  the  Popol  Vuh  preferred,  as  appears  from  his  e\- 
pression  :  "They  are  folded  in  tbe  feathers  {gag),  tbe  green  ones  ;  there- 
"  lore  llieir  name  is  GuRUmatz ;  very  wise  indeed  are  they  (p.  0),"  Tbf 
brilliant  plumaf;e  of  tbe  Iropiejil  binls  was  constantly  used  by  these  tribe* 
as  ornament  for  their  clothing  and  their  idols,  and  Ihe  possession  of  nMor 
of  tbcsc  exquisite  feathers  was  a  matter  of  much  pride  and  pleasure.    ThF 

•  llolur^nl  gives  a  mornl  coloring  to  this  mytli,  willed  nirwl  likely  It  tlld  rol 
orlicliiHlly  have.  HIh  vei-slon  Is  that  at  (he  time  of  Ihe  Second  A^e.  the  fodi 
giitlicroc]  u>i;ether  all  the  people  to  reward  them  for  tlielr  virtue,  and  ordcTcil 
those  who  fell  tticini^elvea  mei-ltorloiis  enough  to  cnst  th.-mitelveii  Into  a  Are, 
an<l  thus  nltoln  celestial  rctnirdn.  Tliey  begnn  to  debate  who  flrat  thould  tokr 
the  leap.  While  tbej- were  thus  illgputInK  Ihe  g<xl  Cententl-liio)iitl<lti  (»u>a. 
el  dlos  hnorruiio.  RniD  r  sin  padres' appeared  to  one  who  wasiiick,  Nnna-hnBUIn 
<elbubc>Bo.  clpoUrldo)and  snld  i  "Wlint  do  you  do  here?  Tkoyou  nniceeiliu 
your  coiDpnnlonii  arc  entcaee'l  In  vain  disputes?  Flhig  yourself  Into  tbeDinn 
and  thus  rid  yourself  of  the  KulTerlngs  whicb  for  years  you  havel>orne  vtU 
bcrolHin.  and  giitn  Immortal  honor."  Iniiplred  by  these  words,  Nanahuuliln 
sprunz  Into  Ihe  names,  and  bis  companions  watched  him  consume.  ThtnM 
eugte  dc^rended  fmni  heaven  and  carried  bis  ashes  to  tbe  *ky  where  hr  bHSni* 
Sun.  Balin-lnilieaaiiiicri,  Itleadt  vnaHvevaHlitortaOenrr.lit 
•i:a  Septentrional,  pp.  37, 3tt(Madrld,  17tW. 
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c     c\ 
long    green  ones  especially  called  gug  (properly  ^  u  (» )   were    paid    as 

tribute  by  tlic  inferior  chiefs  (Varea,  Vocabulario,  s.  v.). 

A  less  likely  derivation  is  from  chit  a,  strong  or  strength,  and  cumati, 

the  Strong  Serpent.  Probably  "decorated- with  feathers"  is  the  correct 
interpretation.  Gucumatz  is  said  by  Mr.  H.  H.  Bancroft  to  be  "  the  ac- 
knowledged representative  of  Quetzalcoatl,  "  *  a  hasty  statement,  as  the 
name  is  hardly  more  than  a  common  adjective  equivalent  to  royal  or  mag- 
nificent. 

The  names  Qnx  c/io,  Qiixpnlo,  mean  "the  Heart  of  the  Lake,  the  Heart 
of  the  Sea."  To  them  may  be  added  Qux  cah,  **the  Heart  of  the  Sk}-," 
and  Qux  uleUj  "the  Heart  of  tlie  Earth,"  found  elsewhere  in  the  Popol 
Vuh  (pp.  8,  13),  and  applied  to  divinity.  The  literal  or  physical  sense  of 
the  word  heart  was,  however,  not  that  which  was  intended  ;  in  those  ciia- 
lects  this  wonl  has  a  much  richer  metaphorical  meaning  than  in  our 
tongue  ;  with  them  it  stood  for  all  the  psychical  powers,  the  memory,  will 
and  reasoning  faculties,  the  life,  the  spirit,  the  soul.  This  is  fully  set  forth 
by  Goto  : 

"Corazon,  flrwj;.  *  *  Atribuonle  todos  los  affectos  do  las  potenciafs, 
"memoria  y  entendimiento  y  voluntad,  ♦  ♦  unde  ahgvx,  el  cuida- 
**doso,  entendido,  memorioso  *  *;  toman  este  nombre  gvx  por  el 
"alma  de  la  persona,  y  por  el  spirito  vital  de  todo  viviente,  t.  g.  xel  ru 
**gux  Pedro,  mur:6  Pedro,  vel.  salio  el  alma  de  Pedro.  *  ♦  deste 
"  nombre  gux  se  forma  el  verbo  tin  gux  Icth,  jwr  pensar,  cuidar, 
•*  imaginar." 

It  would  l>e  more  correct  therefore,  to  render  these  names  the  **  Spirit  " 
or  "Soul  "  of  the  lake,  etc.,  than  the  "  Heart."  They  represent  broadly 
the  doctrine  of  "animism  "  as  held  by  these  people,  and  genenilly  by  man 
in  his  early  stages  of  religious  development.  They  indicate  also  a  dimly 
understooil  sense  of  the  unity  of  spirit  or  energy  in  the  different  mani- 
festations of  organic  and  inorganic  existence. 

Tliis  was  not  peculiar  to  the  tribes  under  consideration.  The  heart  was 
very  generally  looked  upon,  not  only  as  the  seat  of  life,  but  as  the  source 
of  the  feelings,  intellect  and  passions,  the  very  soul  itself.f  llence,  in 
sacrificing  victims  it  was  torn  out  and  offered  to  the  god  as  representing 
the  immaterial  part  of  the  individual,  that  which  survived  the  deatli  of 
the  body. 

The  last  two  names  in  the  paragraph  quoted  are  Ah-rax(tlak\  Ah-raxa- 
9tl.  To  these  Bnisseur  gives  the  high  sounding  renderings,  "Master  of 
the  verdant  Planisphere,"  "Master  of  the  azure  Surface."  The  literal 
translation  is  in  laughable  contrast  to  these  turgid  epithets  ;  strictly  speak- 

*ycUive  Races  of  the  Pacific  Coast,  Vol.  HI,  p.  477,  note. 

t**De  adonile"  remarksKiranudos  y  Galvez,  **  vleneque  mis  Otomltcs,  de  una 
mlsfiui  znanera  llamiin  k\\\  alma  que  nl  conizon,  nplicnndoles  t\  entnimbos  la 
VOK  T/iUj^."    7'arrf«  ^wie»*ic«na»,  Tarde  Iv,  p.  lOl.    ^Mexico,  1778.) 


Br,.....,  024  „ 

in ?  Ill ey  signify.  "He  of  Ihe  gn-en  iliBh,"  "  He  of  tliegrcrncnp.'"  Tlin* 
XimfBW!  gives  them,  and  adds  tlial  forme  of  speecli  tthli  rat  Hl^nijy 
[liJDgs  of  Imuutj,  fll  fur  km^  aad  lords,  aa  ure  brigliUy  coloml  cd|i*  >tul 

liar  in  Ihc  name  of  llie  colors  blue  boU  green,  which  ll  te  said  by  many 
Wrilera,  i»niiot  bu  (llnllnguished  apart  liy  these  IndLins  ;  or  Ml  1«b*i  iti*i 
they  hnvc  no  word  to  exprtua  the  diflVruact?.  B'U,  by  estension,  »>yt 
XiuH'noE  (.Gravtatira  lU  la  Lengwt  Quie/te,  p.  11),  means  strong,  roagh, 
violent,  ctr.  Coming  immediately  aller  ilie  ii&m«<8  "tioul  of  ilie  takt." 
"(touluf  ilieBun."  !i  U  possible  tlut  lliu  "bluupklu"  ia  the  mtiice  tartue 
of  tlif  tnipii^l  sen. 

In  tlio  HMKind  pangmpU  I  Iisve  quoted  tli«  narralnr  introdtioea  ntlo 
"the  Ancestress  (.igi/m),  the  aoccsUir  {manwm),  by  name  Xiiiyacoc. 
Xmiicane."  These  were  prumineni  flgnreB  in  Eiclie  mythology;  they 
wen-  Uie  embodiments  of  Ilie  pAIernal  nnd  maternal  powers  of  OTgkok 
iitb ;  tliuy  wtru  invoiced  elsewhere  in  the  Popol  Vuh  to  favor  tbe  gennlM- 
tloii  of  eeedfl  (p.  20),  and  the  creation  of  mankind  ;  they  «re  addrened 
as  "ancuslressof  the  Etin,  ancestress  oftlie  light"  (p. 18),  Tbe  vM  nuui, 
Xpiynctic,  is  spolum  of  as  the  master  of  divination  by  the  ttitr,  or  Mcnd 
beans  (p.  23) ;  the  old  woman,  Xmucane,  as  shL'  who  could  foreeut  Mjft 
ftnd  ieasona  (.ahgih)  ;  they  wens  the  parents  of  those  intgbty  oiiea  "wboe 
munewna  Alipn."  luiisteni  of  magic  (p.  ftS).  From  ibis  andentoMjpK 
Xiiiienei'.  tells  us  the  naiive  miigicians  and  nie<lii'ine  men  of  bis  day  daimed 
to  druw  tiieir  inapiintlon.  and  they  were  especially  consulted  loucbing  tlie 
birth  of  infants,  in  which  they  were  slill  called  upon  to  iLssit^t  !n  »^^>iti.-  of 
the  etTorts  of  the  padres.  It  is  clear  throughout  that  they  represented 
mainly  tbe  peculiar  functions  of  the  two  sexes. 

Their  names  perhaps  belonged  to  an  archaic  dialect  and  the  Kichti 
citlier  could  not  or  would  not  explain  them.  Bmsseur  does  not  offer  any 
etymology,  and  all  that  Xiraencz  says  is  that  Xmucane  means  (ami  or 
jrriiM  (entierro  o  fosa),.  deriving  it  from  the  verb  tin  mitk,  I  bury. 

In  most  or  all  of  tbe  languages  of  Ibis  stock  the  root  muit  or  ntue  means 
to  covet  or  cover  up  (_eaeubrir).  In  Maya  Ilie  passive  form  of  the  verbal 
uoun  is  mueaan,  of  which  the  Diccionnrio  de  Mblul*  gives  tbe  IranslatioD 
"cosii  iiua  esia  encubicrta  6  cnturnula,"  the  second  meaning  arising 
naturally  from  the  custom  of  covering  the  dead  body  with  earth,  and  in- 
dicated that  the  mortuary  rites  among  them  were  by  means  of  interment; 
a»,  indeed,  wc  are  deflniiely  informed  by  Bishop  Landa.f  TIic  feminine 
prcti.v  and  tlic  terminal  euphonic  •<  give  precisely  A'-mucauR-e,  meaning 
"She  who  Is  covered  up,"  or  buried. 

Bui  while  etyniologieully  satisfactory,  the  appropriateness  of  this  deri- 
iBt  complete  dictionary  of  tbe  UaracTar 
n  nbuut  im  and  liaa  Ilb  name  rrum  tlie  toiru  ot  HotuI, 
laa  wrltteo.  Tho  nultior  is  niilcnown.  Only  two  coplaof  It 
c,  very  cnrerullymiule,  with  numerous  notes,  by  Dr,  Bercodl, 
.  It  la  B  tlilL-k  tto  of  1500  pages. 
Oku  Its  yu«Uan,  i  XXXIII. 
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vation  is  not  at  once  apparent  Can  it  have  reference  to  the  seed  covered 
by  the  soil,  the  child  buried  in  the  womb,  the  egg  hidden  in  the  nest,  etc., 
and  tbus  typify  one  of  the  principles  or  phases  of  reproduction?  For  there 
is  no  doubt,  but  that  it  is  in  the  category  of  divinities  presiding  over  re- 
production this  deity  belongs. 

Both  names  may  be  interpreted  with  appropriateness  to  the  sphere  and 
functions  of  their  supposed  powers,  from  radicals  common  to  the  Maya 
and  Kiche  dialects.  Xmucane  may  be  composed  of  the  feminine  prefix  x 
(the  same  in  sound  and  meaning  as  the  English  pronominal  adjective  she 
in  such  terms  as  she  henvj  she  cat) :  and  mukanil,  vigor,  force,  power, 
(fortale^^a,  fuerza,  poder,  Brasscur,  VocabuXaire  Maya,  Francais  et  Espahol, 
on  the  authority  of  Ruz  and  Beltran). 

Xpiyaeoe  is  not  so  easy  of  solution,  but  I  believe  it  to  be  a  derivative 
from  the  root  xib,  the  male,  whence  xipbU,  masculinity,  and  especially  the 
membrum  virile  (Pio  Perez,  Dicdonario  Maya)  ;  and  oe  or  ococ,  to  enter,  to 
accouple  in  the  act  of  generation  (entrar,  Juntarse  el  macho  con  la  hem- 
bra,  Brasseur,  Vocabulaire  Maya,  s.  v.  oc).* 

We  can  readily  see  with  these  meanings  hidden  in  them,  the  subtler 
sense  of  which  the  natives  had  probably  lost,  that  they  would  be  difficult 
of  satisfactory  explanation  to  the  missionaries,  and  that  they  would  be 
left  by  them  as  proper  names  of  undetermined  origin. 

The  second  fragment  of  Kiche  mythology  which  I  shall  analyze  is  one 
that  relates  to  the  gods  of  the  storm.  These  are  introduced  as  the  three 
manifestations  of  Qux-cha,  the  Soul  of  the  Sky,  and  collectively  "tlielr 
name  is  Hurakan  :^ 

"  Cakulha  Hurakan  is  the  first ;  Chipi-cakulha  is  the  Fecond ; 
"  the  third  is  Raxa-cakulha ;  and  these  three  are  the  Soul  of 
"the  Sky"  (p.  8). 

Elsewhere  we  read  : 

"Speak  therefore  our  name,  honor  your  mother,  your 
"  father ;  call  ye  upon  Hurakan,  Chipi-cakulha,  Raxa-cakulha, 
"  Soul  of  the  Earth,  Soul  of  the  Sky,  Creator,  Maker,  Her  who 
"  brings  forth.  Him  who  begets ;  speak,  call  upon  us,  salute 
"  us."     (p.  14). 

Cakulha  (Cakchiquel,  cokolahay)  is  the  ordinary  word  for  the  lightning  ; 

•This  Vocabulary  collected  by  the  Abb^  Brasscur  (de  Bourbourg)  was  pub- 
llshed  in  the  second  volume  of  the  reports  of  the  MitxUm  Scientijiq\ie  au  Mexique 
et  dnns  VAmirique  CentrcUe^  Paris.  1870.  I  regret  to  say  that  like  all  of  his  linguis- 
tic work,  it  must  be  followed  with  great  caution.  He  has  inserted  in  it  many 
words  and  forms  which  are  not  Maya  at  all,  and  the  derivations  he  gives  and 
augKestfl  are  generally  the  merest  guesses,  based  on  the  slenderest  analogies  of 
soand.  In  fiict.  a  careftil  student  of  the  tongue  should  not  accept  any  Maya 
word  on  the  sole  authority  of  Brasseur's  work. 


Raxn-cakutha.  translated  liy  Branspur  "  k  tumlre  qui  Aitppo  saliii«tii*nl" 
Is  rcndiTcd  hy  Cot<) Be  "thn  tUsh  orilic  lightning  "  (rl rrtplaiulor ilrl  mjt): 
Chii>l-cakulljau8{A[(i<l  l>y  BrasH'ur  to  luean  "le  gilloiiDeinPul  dprpolair;" 
ghip  is  uaod  tu  dvslgnnle  llit-  latost.  yoiingust  or  Icnst  of  riifldiva, 
flngrrs,  utc, 

Thvre  rcmulDB  the  name  Ilumkan  aud  it  is  nmfi'sscdly  dtflli^uli.  Bii» 
sptirsnys  thnl  nn  (^xplnnntlon  orit  enn  be  found  in  thr  KlfhporCakctilq&tl 
(tlotiouarios  and  that  El  muHt  have  Iwcii  liruujrht  troni  tin-  Aatillm  wli«n< 
It  WHS  tilt  numc  npiiiird  to  thii  t(<rrilili;  tnnitido  nf^iP  WfM  ludhn  IMJ^ 
tudcA.  and,  tiorrowed  ttoai  the  Haytisns  by  ihti  citly  iMvigalun.  bu 
tinder  Itic  forms  ouragitn,  huratMin,  hurrieant,  piutsi^l  into  Eiirop<*«n  Ian- 
jCtuLgi-B.  In  defoult  of  any  othpr  probable  origin  eucli  for  a  long;  linic 
WDB  my  Dvn  opinion,  and  It  is  indet^d  difflouU  to  allow  tbr  prohnhlltiy  <)ui 
in  llayli  and  Quatx^malu  the  sain''!  word  should  bn  Mp]dl«il  to  Iht  aanw 
fonci'ption,  and  this  ouu  of  siich  magnitude  and  iinpn-'MWwiesn,  and  thai 
there  should  be  no  hiatnrln  ronnivlion  between  the  two,  Howrvvr  that 
way  be,  lani  now  touHuicd  that  the  word  Huracan  bvIunK*  In  Itany- 
tnology  to  thi!  Maya  group  of  lUnlncta,  and  must  br.  analyj^il  by  ilipni 

One  sucli  ctyuiology  la  iadci'd  ofl^rvd  by  Xiniciivi!,  but  an  at»unl  ont. 
tic  suppDBi>d  Ihi!  word  wua  compuundiil  of  Awn.  rate  ru  bis,  and  ralm 
toot,  and  tnuisUtcsit  "ieHnpie."    Thta  has  wry  properly  been  n<j«cinL 

On  iwllatSng  the  proper  uamea  in  the  Popol  Vuli  tlitrre  am  acreni  at 
them  whirh  nro  i^ridcnlly  annlogii'al  1o  Iliimknn.  Thnn  wo  havo  Cs- 
brakuit,  who  is  rcpresi-'nlcd  aa  Iho  gml  of  the  earthquake,  he  trho  sliakn 
the  solid  earlh  In  ]th  iiiiirHl  an<l  ("i.|i!cs  nrer  the  lofty  inonnlaios.  Tu Ihti 
day  his  name  is  lln-  i.ij(niMfiii  wh''\  fur  cartiniuake  In  these  diuleol!. 
Again,  one  of  the  titles  of  Xinueane  is  C/iinihin  Xmneane  (p.  22). 

Tlie  terminal  rithaa  ia  these  uaiiic-s  is  a  word  ufu-d  to  express  zrestnp<s 
in  stsic,  height  or  bigtie.'fs.     Many  exain|»les  arc  found  in  Coto's  I'wii'i- 
lario.     He  says 
"LiiLi^a  cosa:  Lo  ordin:irio  es  )ioner  rakan  para  signilicar  la  larsrura 

"dc  palo,  corik-I,  eir.  :   pura  decir,   hirga  caballera  trac  aqui'lla  mugvr, 

"dicen  ;   luihttk  ruban,  m  ei  bie  iiob." 

Pur  a  person  tail  in  stature  he  gives  the  expression  iogam   rakaii :  fir 
large  in  body  (gnuide  del  cuergKi)  tiiu  Cakchiqhel  is  niilit  ral/in.    Bui  the 
most  appni])riiite  entry  in  tliis  connection  is  that  in  whicli  he  gives  us  Ibe 
CakfhiijCie]  of  ffkint ; 
"Gigante:  ha  rapah  mknu  thi  Tinnk,  huthngah  rakan  chi  tiank  ;  »\t 

"  nouibn.' su  usa  de  todo  aniuml  que  en  su  specie  es  mas  alio  quel* 

"otros,     Mco.  F*  Sast,  semi,  de  (-ircuuis^'iss.  dice  del  Gigantc  Goiiis  : 

"f'ljirtlc  roijnrk  rahiii  ch!tichiii\si\niK  Goliim." 

licrv  we  find  tlie  e\aet  colu  hi  nation,  ffti-raktin,  used  in  the  signiHeatinn 
of  the  ;;rculest  of  a  kind,  gigaiilie,  colossal.  Among  the  ^orthero  [ndiani 
the  notion  prt^vniti'd  that  each  s]H'eies  of  animal  included  one  enonnocis 
one,  miicb  larger  than  ihe  olhcnj,  to  whom  others  were  subjecl,  andwhii'li 
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was  the  one  who  often  appeared  to  the  Indian  in  his  "medicine  dreaniB.** 
This  was  apparently,  from  the  expression  of  Father  Goto,  also  the  opinion 
of  the  Guatemalan  tribes,  and  to  this  mythiciil  giant  specimen  of  the  race 
tliey  applied  the  term  hu-rapa-rakan,  "the  one  exceeding  great  in  size." 
This  idea  of  strength  and  might  is  of  course  very  appropriate  to  the  deity 
who  presides  over  the  appalling  forces  of  the  tropical  thunder  storm,  who 
flashes  the  lightning  and  hurls  the  thunderbolt. 

It  is  also  germane  to  the  conception  of  the  earthquake  god.  The  first 
syllable,  cab,  means  twice  or  two  or  second  ;  and  apparently  has  reference 
to  kuti,  one  or  first,  in  hurakan.  As  the  thunderstorm  was  the  most 
terrifying  display  of  power,  so  next  in  order  came  the  earthquake.    Were 

it  allowable  to  alter  the  initial  c  into  the  guttural    ,  giving  us     ab  rakan, 

c  c 

then  the  name  would  mean  "the  mighty  hand." 

The  name  Chirakan  as  applied  to  Xmucane  may  have  many  meanings  ; 
ehi  in  all  these  dialects  means  primarily  mouth  ;  but  it  has  a  vast  number 
of  secondary  meanings,  as  in  all  languages.  Thus,  according  to  Goto,  it 
is  currently  used  to  designate  the  mouth  of  a  jar,  the  crater  of  a  volcano, 
the  eye  of  a  needle,  the  door  of  a  house,  a  window,  a  gate  to  a  field,  in 
fact,  almost  any  opening  whatever.  I  suspect  that  as  here  used  as  part  of 
the  name  of  the  mythical  motlier  of  the  race  and  the  representation  of  the 
female  principle,  it  is  to  be  understood  as  referring  to  the  vaginal  cleft,  the 
ostium  vagince,  from  which,  as  from  an  immeasurable  tagina  gentium,  all 
animate  life  was  believed  to  have  drawn  its  existence. 

The  same  syllable  occurs  as  a  prefix  in  another  female  name,  Chimalmat, 
the  mother  of  (^'abrakan  (\).  34).  This  name  maj',  with  an  effort,  be 
derived  from  Gakchiquel  roots,  but  as  it  is  absolutely  identical  with  one 
of  a  goddess  well  known  in  Aztec  mythology',  I  shall  consider  it  later. 
Suflice  it  to^  say  here  that  the  verb  malmot,  according  to  Varea,  means  to 
enter  suddenly,  to  appear  unexpectedly. 

If  the  derivation  of  Ilurakan  here  presented  is  correct,  we  c^n  hardly 
refuse  to  explain  the  word  as  it  occurs  elsewhere  with  the  same  meaning 
as  an  evidence  of  the  early  influence  of  the  Maya  race  on  other  tribes.  It 
would  appear  to  have  been  through  the  Garibs  that  it  was  carried  to  the 
West  India  islands  where  it  was  first  heard  of  by  the  European  naviga- 
tors. Tliws  ilia  Dictlonaire  Galibi  {Far'is,  174i^)  gives  for  "diable,"  iroucau, 
ft  roucan,  liyorokan,  precisely  as  Goto  gives  the  Gakchiquel  equivalent  ot 
**  diablo  "  as  hurakan.  This  god  was  said  by  the  Garibs  to  have  torn  the 
islands  of  the  West  Indian  archipelago  from  the  mainland  and  to  have 
heaped  up  the  sand  hills  and  blutt's  along  the  shores.*  As  an  associate  or 
"captain  "  of  the  hurricane,  they  spoke  of  a  huge  bird  who  makes  the 
winds,  by  name  Sutacon,  in  the  middle  syllable  of  which  it  is  possible  we 
may  recognize  the  bird  vaku,  which,  as  we  shall  shortly  see,  the  Kiches 
spoke  of  as  the  messenger  of  Hurakan. 

•  De  la  Borde,  Rclaiion  de  Voriffine,  etc.,  des  Oaraibes,  p-  7.    (Paris,  1674). 
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I  Bliall  odd  here  an  invocation  to  Hurakaii  nhii'li  is  one  or  the  lin»i  bi 
thv  Popol  Vuh  : 

I.  Acarroc,  Atoob  u  gill,  at  Hurakun,  at  u  Qux  call,  ulen  ', 
'  Hail,  beauty  of  Uie  day.  thou  llurakan,  tliou  (.itsj  Heart,  thi'  Sty, 

the  Earth  ! 
8.  At  yaol  recb  ganal-ranal,  at  pu  yaol  mjal,  qshot  ', 

Thou  giver  (of)  our  prosperity,   tliou,  and   giviT   (ol)  dnoghlw). 

8.  Ch'a  tziloli.  cb'a  maquih  uloc  a  raaul,  a  ganni : 

Make  Ann,  extend  liitbi^r  lUy  glory,  thy  grcatnusa  i 
i.  Cb'a  yalab  u  qazsic,  vinakiric  r'al  nu  i)ahol : 

Give  llieir  life,  (tlieir)  increase  to  my  dcKeendants  : 
S.  Chi  pog-tab.  chi  vinakir-tnb,  Izukul  ave,  cool  avc. 

That  Ihcy  may  tteget,  may  IncrEase  nurses  for  thee,  guards  fur  tbce, 
8.  Ziqiiiy  are  pa  be,  pa  hoc,  pa  beya,  pa  xivan,  xe  che,  xc  cnam. 

Who  shall  invoke  thee  in  the  roads,  in  the  paths,  in  the  wnlur  niTh 
in  the  gorges,  unik-r  the  trues,  under  tlit  buahca. 

7.  Ch'a  yau  qui  mJal,  qui  qahol ; 

Qfve  to  them  daughters,  to  tbcm  sons  ; 

8.  Ma-ta-habi  11-tzap.  yanqucxo  : 

Let  Ibere  not  be  disgrace,  misfortune ; 

9.  Ma-ta  eb'oc  qaxtokond  cbiquib,  cbi  qui  rach. 

Tliat  not  comes  the  deceiver  behind  them,  before  Ibeir  faoe. 

10.  M'e  pabic,  m'e  zokotaliic  ;  m'e  hoxonic,  m'e  gatonlc. 

May  tliey  not  fall,  may  Ibey  not  stumble ;  may  tbcy  not  hurt  their 
feet,  may  they  not  snfter  pain  ; 

11.  M'e  kabic  r'equcm  be,  r'ahzic  be. 

May  they  not  fall  in  the  low  road,  in  the  higli  road. 
13,  Ma-ta-habi  pak,  toxconi  cbiquib,  cbi  qui  vacb. 

Let  there  not  be  a  alumbling  block,  a  scourge  bebind,  before  tlii'ir 
face. 
13.  Que  a  yatah  iia  raxa  be,  pa  raxa  hoc  ; 

Give  them  (to  be)  in  a  green  road,  in  a  green  path  ; 
H.  Ma-ta-babi  qu'il,  qui  tzap  a  cuil,  av'itzmal. 

Let  there  not  be  to  Ibem  evil,  to  tbem  misfortune  (from)  tliy  kxk> 

15.  L'lz  lab  qui  qoheic  tz.ukul  ave,  cool  ave  cb'a  cbi,  ch'a  vach. 

Foriunale  to  Ihein  (be)  existence,  nuraes  tbine,  guardian.s  thine,  he 
before  thy  mouth,  before  thy  face, 
10.  Al  u  Qux  cab.  at  u  tjux  uleu,  at  pizom  Gagal  •  at  pueh  Tohil : 
Tbou  its  heart  the  sky,  thou  Its  heart  the  earth,  thou  veiled  Jlajesiy 
thou  and  Tubil. 
17,  At  puth  Tohil,  Aviliv,  Hacavilz,  pam  cab,  ii  pam  uleu,  c-.tii  li»k. 

Tbou  and  Tohil,  Avilix,   Haeavilz,  bo<ly  (of  the)  sky,  its  body  Ilic 
earth  (with  its)  four  sides,  four  corners. 
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18.   Xa-ta  zak,  xa-ta  amag,  u  pam  ch'a  chi  ch'a  vach,  at  Qabauil  I 
So  long  as  light,  so  long  as  time,  (be)  its  body  before  thy  mouth  be- 
fore thy  face,  thou  God  ! 

1.  Acarroe  is  an  interjection  of  admiration  or  awe.  Atooh  is  the  plural 
form  with  intensive  signification  of  ato,  beautiful,  fine,  good. 

2.  Ganal-raxal,  literally  "yellowness,  greenness.'*  I  shall  refer  to  this 
combination  in  a  later  paragraph. 

At  pUy  thou  and,  read  "and  thou;*'  the  copulative  conjunction  in 
Kiche,  like  the  Latin  que,  often  follows  the  first  word  of  the  connected 
clause. 

3.  C7i*a  tziloh;  both  Ximenez  and  Brasseur  translate  this  "turn  thee  ;*' 
but  this  requires  tzeloh,  and  is  less  germane  to  the  sense  of  the  passage. 
The  color  terms,  rax,  gan  again  appear  in  their  metaphorical  senses  of 
prosperity. 

4.  Vinakiric,  form  the  root  mUy  to  increase,  gain. 

0.  Qaxtokonely  the  liar ;  qaxtog  is  the  usual  word  for  demanio,  diahlo,  in 
the  religious  language. 

10.  ATe  hoxonic,  m*e  gatonie;  Ximenez,  and  following  him  Brasseur, 
translate  this,  "May  they  not  fornicate,  may  they  not  be  brought  before 
the  judge  ;**  but  the  meanings  in  the  text  are  also  given  to  these  words  in 
Ximenez*  own  Tesoro  de  las  tres  Lenguas,  and  are  much  more  likely  to 
have  been  the  original  ones. 

14.  A  euil  av'Uzmal;  thy  locks,  thy  hair.  This  probably  has  reference 
to  a  myth  or  superstition  about  the  storm  god's  strength,  lying,  like 
Samson,  in  his  hair. 

16.  Pizam  Oagal;  Ximenez  translates  "envoltorio  de  gloria.*' 

17.  Atptieh  Tohil;  read:  "And  thou  (also)  O  Tohil,  etc.  Pam,  from 
jka,  in,  means  "the  contents  of  anything  hollow,"  hence  entrails,  and 
generally  belly.  Ximenez  translates  it  here  vtentre,  but  "  body  "  is  proba- 
bly nearer  the  right  sense,  as  it  stands  in  antithesis  to  heart  in  the  previous 
line. 

There  is  another  invocation  in  the  Popol  Vuh  containing  some  other 
names  of  deity,  a  literal  translation  of  which  I  shall  give,  after  Brasseur  : 

"  Hail !  O  Creator,  Maker !  Who  sees  and  hears  iis !  Do 
"  not  leave  us ;  do  not  desert  us.  0  Qabauil,  in  the  sky,  on 
"  earth,  Soul  of  the  Sky,  Soul  of  the  Earth.  Give  us  children, 
"  po.sterity  [as  long  as]  the  sun  goes,  and  the  light.  Let  the 
"  seed  grow,  the  light  come.  Many  green  paths,  green  roads, 
"  give  us ;  in  peace,  in  white  peace,  be  the  tribe ;  in  welfare, 
"  in  white  welfare,  be  the  tribe ;  give  us  then  happy  life  and 
"  existence,  0  Hurakan,  Chipi-cakulha,  Raxa-cakulha,  Chipi- 
"nanauac,  Eaxa-nanauac,  Yoc,  Hunahpu,  Tepeu,  Gucumatz, 
"  Alom,  Qaholom,  Xpiyacoc,  Xniucane,  Grandmother  of  the 


Iraotber  of  Light ;  let  the  seed  grow,  the  liglit 
210. 

:  prayer.  wUicli  a(«oril!ag  to  Kiclic  tnidilion^  the ir  wrif 
—  .iRsed  to  tUe  divIniilpB,  la  those  fur-off  yeat^  when  ibtf 

ilADt  Orient,  ill  Iho  ftiriile  land  of  pHxil  and  Cayala.  iKtbtr 
iae  to  Tuliiii  to  receive  tlie  tribal  nud  fainilj  gods  « lilcli 
Inter  dilya. 

ruci'  of  Clirialian  doctrine  in  tlictie  names  :  cl{^&r)y  Itier  uv 
vn  rrom  u  gcneratiiin  wlio  kn^w  notliing  nr  mJNiionarin 
Miv..  ~...c   '  "  -   •         -••(..  already  Hnuljzed,  anil  I  ?ili&t] 

nke  up  tlie  reii 

I  term  Qiibaui  iclie  tl      generic  word  for  divinity.    Tliin  wb 

.Li  Hi  Ihi!  Po|)ol  V  ,vii  expressions  as  :  X'ici  r  qabatiS,  tnily  Ihrj  wcrt 

is  (p.  M)  ;  aw  u  o.  ri  qabauiS,  this  is  the  name  of  Gml  Cp.  8).    ll  Is  fmni 
rool  qitb,  for  tlie  eorrwt  Bignification  of  whicli  wo  must  perhaps  ga  lo 
c  HnyM,  where  it  meatta  to  create,  to  make  out  of  nolliing.   (Chiib.  cri'sr, 
rar  do  )a  nada,  Pio  Perez,  Diceioiuxrio  ilr  la  Ltnguu  Maya.)     The  ir»nl 
.(I  sn  many  heathenish  associatioDB  that  thn  FrancUntn  tni<»w>niiriii 
icipixid  It,  ami  8ul)3tltuti<d  the  Spanlsli  IHot,  fruu)  wlitch  tliey  roriucO  d''- 
.valivcs  iK'cording  to  the  rulea  of  native  grammar.    Thtta  Colo  miwUtn 
\M>iit  eoia  by  eUoiA  and  adds  :  "antlguainent«  decian  saboti  at,  Atgata- 
-•  eil,  nouiUre  del  dios  quo  adoralmn."    He  gives  other  tip rivatives,  sl» 
"Idolatrar:   qui  gabositan ;  idolo,  gabotil.  *  *  Lo  mesmo  diren  de  liu 
"pintiirnsque  antigiianiontc  hacian  ;  gabid  vel  gnbuB.     G'ib>tOkitfi.  ttii 
"  de  idi)ia1rin  ;  gabnU  chahiil,  el  tuii^'nlole,  vel  iruiinla  ilo  lus  i(iii]i>-.  " 
Father  Viirca  seems  to  derive  gnbuffl  froni  n'l'lfik;  In  [mint  : 
'■Onbnyl:  eslalim  o  ydulo  |iro|irianiente  de  tnillo  6  piiitada  hi  fi::ura  " 
"y"in';vii  de  Ii>  q  adi)r,ilian  los  genliios." 
Tlic  DoiuiiiHJin  miss  ion  ados,   however,   in  Iheir 
lun.L'llil^'f  aiiopU-il  >i'<''".ll  ii«  "n;  oorreet  n^nderlni; 
ditr.Teiice  of  oiiiiiion  beUveeu  them  and  the  Fninc 
iii.:ntous  Un;:iiiMi<'  |x>l<'mi<'s. 

Fntlier  llivrc.uin,..  Itonian.  froin  the  narnilives 
t]t;i!  llie  n:iuie  iv.is  tiiat  of  :\  delinite  biinsr.  liir >U]> 
,.f  (Jniitenuila.- 

Thf  muiK's  Chijn.u'cimi,,/:  R.ir.i.n-i.Kix':  are  sn|i|«wed  by  nmssiiir  i.. 
rolVilolI.eAKleedivinilyNiinuhUiill.  Theviir.-,  liow.-vrr.  e.isily  cvpli.-iM-' 
by  tlie  Ki.he  h>eir.  They  ari'  ibTived  from  (li...  rool  n.,.;  Ki  kn..v\,  iiii.lii 
sli.ii.i,  ahsolutr  form,  '/'((  :."0.  whi<'b,  -;iys  Colo,  ■■ -[..Tiilirs  .■viTyiliiiii;. 
ivbi^h  i-  known  or  Iwrneil  by  ciisiom  or  .■.vp.ricnee  ;  "    if.,!,,   i-  wwVt 

s!:Liidin;;,  rcM^on,  inlellecmiil  jiowi-r  ;  .ih:.;.h  is  llic  Diktliiqiiel  for  ■•Hi 

iirlint;  the  thouEhl*  of  ano'lur: 
nosolros,  llnmavimlo  en  M  Provin- 
'  .l/«<i.;u.  Terceia  Ptirlt,  Dr  Jo  Kf/iu'- 
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JRidre  nonofiel  ka  zih,  the  Father  understood  our  story.  In  a  derived 
application  it  signified  that  mysterious  and  supernal  knowledge  which 
the  magician  and  diviner  possess,  and  which,  in  its  highest  form,  is  the 
peculiar  attribute  of  divinity.  In  this  sense  it  is  synonymous  with 
puZy  which  I  have  already  discussed,  and  both  are  given  by  Goto  as 
the  words  for  magic  and  necromancy.  Both  are  also  employed  together 
in  various  passages  of  the  Popol  Vuh.  Thus  it  is  said  (p.  10)  that 
in  the  beginning  the  mountains  and  the  valleys,  the  cypresses  and  the 
pines  were  created  instaneously  by  miracle,  by  magic,  xakinaual,  xakipuz  ; 
80  it  is  said  of  the  formation  of  the  first  men  that  it  was  by  enchantment, 
by  sorcery — j^  'puz,  xa  naual  qui  tzakic  (p.  198).  The  expression  nanaiuic, 
therefore  has  no  reference  to  Aztec  myth  but  to  the  supernatural  power  of 
Divinity,  and  probably  especially  to  the  psychical  and  intellectual  mani- 
festation of  the  divine  energy. 

The  radical  of  these  comprehensive  words  is  na,  to  feel,  to  preceive 
(sentir,  advertlr,  Varea).  The  reduplication  appears  in  the  forms  ta  ruina, 
look,  nanoh,  appointed,  designated,  and  is  common  in  the  Maya  deriva- 
tives from  this  root,  as  appears,  for  instance,  in  the  following  entry  from 
the  DUcionario  de  Motul : 

''Naaaol:  considerar,  contemplar,  entender  y  arbitrar. " 

The  following  are  definitions  from  Varea  : — 

"Naoli:  el  sentido,  el  uso,  la  experiencia,  el  arte,  la  industria,  el  buen 

**ingenio  en  los  hombres,  y  el  instinto  natural  en  los  brutos. 
"Naoliih:  hacer  algo  los  animates  con  buen  instinto  :  y  tambien  hazer 

"elhombre  algo  con  prudencia,  arte,  buen  uso  o  tiento  con  entendi- 

"miento. 
"Naohticah:    ensenar  o  doctrinar    costumbres,    artes,   Ictras,   cosas 

* '  buenas  6  malas. 
'*  Nanoxin :  tener  muy  de  memoria  algo. 
"  Xaval :  creyan  que  avia  cosa  viva  dentro  del  -arbol,  piedra  o  monte  que 

'*hablaba,  llamaba  [hence  natal  che,  spirit  of  the  tree,  naval  abah  spirit 

"of  the  stone]. 
"Navalih :  hazer  milagros  de  echizeros  encantos. 
'*  Paz  Naval :  era  una  manera  de  nigromancia  6  magica  que  usaban  los 

**yndios  tranformandose  en  globos  de  fuego  y  en  aguila  y  otros  animales 

"que  yban  por  el  ayre.'* 

The  process  of  thought  seen  in  these  derivatives  is  interesting  to  note. 
From  the  simple  use  of  the  senses  {na),  come  experience,  knowledge, 
ability,  skill  (naoh),  he  who  has  these  to  a  great  degree  can  do  more  than 
others,  he  can  work  wonders  (navalih)  ;  he  can  understand  the  voices  of 
nature  which  speak  in  the  babbling  brook,  the  moaning  of  the  wind,  the 
crackling  fire,  the  rattling  stones  (naval)  ;  and  in  his  highest  attainments 
may  transform  himself  into  any  other  form  of  existence  (puz  naval). 

Such  is  the  testimony  which  these  rude  natives  bear  through  the  wit- 
ness of  their  language  to  the  source  and  power  of  knowledge  ;  and  such 


sBion  it  made  upon  llieir  uatutored  minds  tti»t  ere d  U»  tb'» 

riL  rf  than  lUree  hundretl  years  of  Cbristian  Icat^hing.  It  ts  tu< 

mid  in  Vir^,  nor  the  severe  Christian  Ood  whu  Is  Uicir  LittbMt 

9  l.he  wise  Naoh,  [he  Spirit  of  Kiiowl«lge,  th(^  0<nhii  at 

in  secret  alill  receives  their  prayers  as  the  greattat  of  kll  till 

Iif^ve  also  other  divinities  whose  worsliip  lias  consianlly  hcra 

te  of  bH  the  pRbrtB  of  the  migeionaripx,* 
le  n  I         aual  appears  also  to  have  been  used  to  express  that  intellM' 
.  oon       luion  with  the  lower  animals  which  the  prieers  often  claltu*d, 

the  e; .  that  t^ '■*  — ' — ' — ''  "lie  eongs  of  birds,  etc,    Cmo  k- 

irks  that  the  aatireB  naa  ine  DU|jcr«i.iL>oa  tliat  twins  atv  liy  birth  tui^it 
rots,  "  that  is,  that  they  have  the  characteristics  of  rats,  that  thi^r  will 
;naw  the  clothing  of  those  who  irritate  them,"  etc.f 
The  name  Voe  to  that  of  a  species  of  bird  (Cakcliiquel  Vaku).  Colo  il*- 
rilies  it  as  having  green  plumage,  and  a  very  large  and  curved  Irill 
patently  a  kind  of  parrot.     Blsewliere  in  the  inylh  (p.  70)  it  ht  said  tn 
the  messenger  of  Hurskan,  resting  neitlicr  in  the  heaven  nor  in  the  on- 
world,  but  tn  a  moment  flying  to  tbe  sky.  to  Ilurakan  wlio  dwells  tbm. 
I'hc  tribal  gods  are  first  mentioned  in  the  lust  part  of  the  Popol  Vah.  and 
ley  arc  said  to  have  been  given  tlie  people  in  "Tulan  Zuiva,"  a  icm 
here  they  wont  to  receive  them  (p-  315)-    The  Tecpan^titlan  rcnuib 
Blate  that  these  gods  were  first  given  "!n  Tuilnn  in  Xibalbay,"  uneof  l]|« 
four  places  of  the  name  of  Tulan,  which   that  ancient  and   inHTwlinf 
legend  refers  to.    The  names  of  tliese  gods  were  Tohil,  Avilix,  Uaavii^ 
and  Nieahtttgaii. 

•'■Die  bedeutenilHten  Ontlhellen  der  Indlancr  von  [BtlilvnFiin.  deaen  sis  noch 
biHzurStiiiidezii  gewlsneii  Zellen  liii  Gelielmen,  Im  du^tereii  Urfont  opfera 
nud  zuderen  Ehreii  Hleimvellen  »ogor  Feste  begehen,  lieissen  :  NoJ,  der  tlenlui 
iler  Vcriiunft.  Ajmak,  der  Genius  dcr  aeHundhelt,  lie,  der  Mond.  Kanll,  dtrijc- 
nlus  der  Aussast  und  Jutup,  der  Qolt  der  Erde.  welclier  unterden  Iiidlanerndii 
Wise  rrlnclp  voratcllt,  im  Oegensntia  lu  Klj.  dem  Ootl  des  LIchtes,  deto  guitD 
I'rtnclp."  Dr.  If.  Scherzcr,  Die  Indianer  von  Snala  Catatinn  IilltnKan,  p.  I':. 
These  Indians  are  said  to  lie  Uie  pure-blooded  descendants  of  Ihe  anolpnt 
Klcliei.  or  these  names  Nob,  Naoh,  In  e.tplalOBd  above;  Ahniak  Is  Ihe  nRinf 
ofudiLyln  the  calendar,  mennlii;  uncertnln;  Ik.  the  moon;  Kanll.  feller, 
rerers  U)  the  color  or  maize  when  ripe  and  hence  the  harvest;  Jul  up,  probublv 
i.ffu  the  oarlh ;  K1J  -  g'Lh.  sun.  day,  light,  Ac.  Dr.  Sdieriersajs  tlist  llipj-str)! 
li.Ktk  upon  mounts)  na.  trees,  etc.,  as  habitations  or  particular  gods.  IleBlusdil' 
that  to  Ibis  diy  aaiong  them  every  child  at  his  birth  is  named  alter  and  pii: 
under  the  protection  or  aome  species  of  atilmal ;  and  this  animal  Is  called  hit 
tiagiial or 7iaii;at.  Id  one  curious  episode  In  the  Popol  Vuh  where  the  pfopl-' 
sent  forth  to  the  bath  two  beautiful  maidens  In  order  to  seduce  ifte  god  Tohll,  II 
Is  related  that  wbnl  they  irlshed  was  tbat  these  virgins  shouhl  be  deHoirsn'il , 
gulnaaal  Tohil,  by  the  mystic  power  of  Tohll  <p.  axi.  The  verb  noA  has  the  tli;- 
niflcation  to  ill  I,  and  hcnue  to  Impretcnale,  fecundate,  and  Is  often  so  uspd  In  the 
Popol  Vnh  (e.g.  p.  12).  This  gives  occasion  for  a  combination  of  genesiae  rKci 
and  myths  with  the  worship  of  Reason. 

tThat  particular  (brm  of  superstition  called  Aatnio'u'n,  which  still  prrviil* 
among  some  Central  Amerlcnn  nations,  derives  Us  narae  from  this  root.  II  liu 
been  described  by  the  Abbe  Urasseur  in  his  Vonage  lurruihme  de  TthvaitUyrr, 
Paris,  1881,  and  In  the  Bait,  de  la  Soc.  de  Geographie,  Parli,  Ser  I,  illl. 
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Tohil  is  supposed  by  Ximenez  to  be  tlie  same  as  Toh,  which  is  the  9th 
day  of  the  calendar,  and  is  the  sign  of  rain.  Brasseur  thinks  the  orthog- 
raphy should  be  Tohohil,  which  is  from  a  verb  tohoh,  meaning  to  sound, 
resound,  make  a  loud  noise,  and  has  relation  to  the  thunder,  the  legend 
saying  that  Tohil  produced  fire  for  men  by  striking  his  shoe.  This  deriva- 
tion he  bases  on  a  passage  in  the  Records  from  Tecpan  Aiitlan  where  there 
is  apparent  reference  to  this  divinity,  with  a  derivation  from  tohoh.  It  is 
as  follows :  After  an  important  battle  in  the  early  days  of  their  history, 
the  tribes  gathered  together  on  a  great  mountain,  Tepeu  Oloman,  and 
there  consulted  as  to  measures  of  safety.    The  Records  read  : 

"Tok    xka    qutubeh  qa  ki,   ha      xa     colovi    avi,   xoh  cha   chi    re 
"  When  we  asked  one  another  whence  our  comfort,  to  us  then  spoke 
'*Qeche    vinak  :  Xaqui  tohoh  quihilil  xibe  chi    cah,     xa  chi  cah  xhe 
"  the  Kiche  men :  It  has  sounded  loudly  above  in  the  sky,  fVora  in  the  sky 
**nu       colo       vivi  Xcha      quere         qa  xubinaah     vi 

"our  comfort  will  be.    Thus   was  said   (and  thus)  came  the    name 
"Tohohil  ri. 
**  the  Loud- Sounding  to  them. 

The  derivations  of  a  number  of  other  tribal  names  are  given  in  the  same 
passage,  but  it  is  probable,  like  many  in  other  ancient  records,  the  deriva- 
tions were  altogether  an  afterthought,  and  were  attached  at  a  late  date 
to  the  ancient  legend. 

It  is  impossible,  however,  to  obtain  Tohil  from  tohoh  without  straining 
the  rules  of  derivation  in  their  language.  On  the  other  hand,  it  may  be 
very  correctly  explained  as  the  determinative  form  of  the  verb  toh,  a  root 
common  to  this  whole  linguistic  family.  The  primitive  meaning  of  this 
monosyllable  seems  to  have  been  to  give  what  is  due,  to  pay  what  is  owed. 
In  one  sense,  we  do  this  in  paying  debts,  in  another  in  punishing  an 
enemy,  in  yet  another  in  telling  the  truth  where  it  is  properly  expected  of 
U8.  The  man  who  does  all  this  does  right,  he  is  just,  he  causes  strife  to 
cease,  and  pacifies  his  neighbors ;  as  such,  he  is  a  good,  sound,  healthy 
man,  free  from  infirmities.  That  this  was  the  course  of  thought  in  the  de- 
velopment of  this  root  will  be  clearly  seen  by  the  following  extracts  from 
that  admirable  monument  of  linguistic  industry,  the  Diccionario  de  Motul  : 

"Toh:  V.  pagardeudas. 

"Toh :  8.  la  verdad  ;  lo  que  es  verdad  d  verdadero. 

"Toh:  s.  venganza. 

"Tohil:  derechura,  d  lo  derecho  y  justicia. 

"Tohalol:  estar  bueno  d  consolado. 

"TohanMlol:  estar  bueno  de  salud  ;  descuidarse,  asegurarse. 

"Tohcinahol :  consolar  d  quietar  y  paciflcar  :  y  asegurar  deuda. 

"Tohol:  sano,  sin  enfermedad. 

8ach  is  the  group  of  ideas  which  were  associated  in  the  native  mind 
with  the  name  and  character  of  Tohil.  He  was  the  Just  one,  he  distributed 
equitably  to  men  their  rewards  and  their  punishments,  he  was  the  Com- 
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forl<"r,  the  ATeuger,  wlio  protecled  and  conaoletl.  He  it  was,  aroordin? 
to  the  legeod,  wbo  gave  the  ineBttmable  blessing  i>f  Are  to  niea.  ubtainini^ 
it  \ty  striking  his  shoe  (p.  218).  As  the  deity  who  Wfts  looked  up  to  tiy 
llie  Eiclie  as  their  lieuevolent  guide,  luicUer  nnd  gnHrdian,  l.hc  naiivr 
ivritei  identified  him  with  the  Mekicun  Quetntilcoall,  Iht;  mvihical  foundiT 
of  llie  Nahunll  civaiBstion  (p.  3*6)  ;  hut  this  muM  tint  ]»■  inkcn  um  liu-r 
nllj',  OB  the  oBBi^rtion  itself  only  ehows  ihe  gentml  siBiiUirity  of  L'liiinciiT 
between  these  two  deitiea.  and  ia  far  from  being  Biifflcirnt  to  pnive  ilirir 
liistorical  idcnlitj. 

Nu  derivations  tvhati^ver  have  been  suggesleil  fur  Avilix  uuil  ITHcavlu. 
The  latter,  I  think,  is  a  compound  of  A/ik,  hahi,  to  open,  diwioac,  reveal, 
and  also  lo  listen  to  ;  and  tit,  which  means  primarily  a  root,  l]ui  wbich  ia 
n  metaphorical  sense  meant  anceslors  :  as  Varca  says  ; 

"  VIx:  la  rayi  de  lodo  arbol.  •  •  A  sub  padres  llaman  tambir^n  los 
"Ilidios,  rit  vixil ;  ilicenlo  tamhien  dc  nuesttos  primenis  Fndrea,  Adan 
"yEva." 

Tlie  aea»e  would  he,  Hu  who  listened  to  onr  Aneestors, 

The  mylhicQl  ancestors  of  the  royal  Cakchiquel  family  of  the  Xahila 
were  ^  a  'jititt  and  ZaeUeauh.*  If,  tks  seems  probahle,  the  former  is  a  com- 
Xwund  ff  ^  o  nl,  royol,  via,  root  stem,  slirps,  a  very  natural  meaning  ap- 
[>ear9  in  the  name  '■  '.o  *.  "I  iisf^lf,  is,  aceonling  lo  Ibe  CiiUpino  of  VHn-a. 
11  derivative  from  '  n  '  8rc  or  Rniite,  throuph  the  same  easy  iinalogj-  which 
leads  us  to  associate  brightness  with  glory  and  greatness. 

I  have  not  found  a  clear  derivalion  for  Avilis  ;  but  it  is  probably  from 
iIk'  verb  ytin,  future  xirrilah,  to  pn>tccl,  care  for. 

The  <-ow))Ound  NIeali-lagah  is  plain  enough — nignh,  the  middle,  htgak, 
a  plain,  a  sea-const,  a  town.  This  is  given  by  Brasseur.  But  one  point 
<rscaped  his  notice,  which  throws  another  light  on  tlie  mylhologleal  ?ig- 
niflcanee  of  this  deity.  By  a  transfer  common  in  most  languages,  the 
word  for  middle  was  also  applied  to  the  organs  of  generation  (las  ver- 
<^enzas  de  liombre  6  muger.  Varca,  Ciilfpino').  This  divinity  holds  an  in- 
ferior place,  and  inde<!<l  is,  I  believe,  not  again  mentioned  in  the  legend. 

I  now  pass  to  liie  cnrious  episode  of  the  descent  of  the  hero-god  or  gods, 
Xhalaniine,  into  the  underworld.  Xibalba,  his  victory  over  the  inliabilanta. 
and  triumphant  return  Co  the  realm  of  light.  The  exploits  of  this  demi- 
god arc  the  principal  theme  ot  the  mythological  portion  of  the  Popal  Vuh. 

It  was  the  vague  similnriiy  of  this  myth  to  the  narrative  of  the  descent 
of  Christ  into  Hell,  and  His  ascent  into  Heaven,  to  which  we  owe  the 
earliest  refcr<mce  to  these  religious  lieliefs  of  the  Guatemalan  tril>es  ;  and 
it  is  a  gratifying  proof  of  their  genuine  antiquily  that  we  have  this  rcfer- 
rcnce.     Our  authority  is  the  escellent  Bishoji  of  01iiu|)as,  Bartolome  d* 
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las  Casae,  and  after  him  Alonzo  Fernandez,  and  later  writers.     Their  ac- 
count reads : 

"Dicen  fa6  este  Dies  [Exhalanquen]  a  hazer  giierra  al  infierno,  y  pele6 
*'con  grand e  niimero  de  demonios.  Vencio  los,  y  prendio  al  Rey  del 
"infierno,  y  a  otros  muchos  de  los  suyos,  y  bolvio  al  mundo  vitorioso. 
"Llegando  cerca  de  la  tierra,  el  Rey  del  infierno  pidio  que  no  le  sacasse 
**de  su  lugar.  Exbalaquen  (que  asi  se  llaman  este  gran  Dios)  le  dio  un 
"empellon,  y  le  bolvio  d  su  proprio  Reyno,  diciendole  ;  Sea  tuyo  todo 
**lo  nialo,  sucio  y  feo.  Viniendo  vencedor,  no  le  quisieron  recibir  los  de 
"Guatemala  y  Chiapa  con  la  honra  que  era  razon  ;  y  por  lo  cual  se  fue 
"aotra  Provincia,  adonde  fa6  con  grandes  ceremonias  recibido.  Re- 
"fieron  que  deste  vencedor  del  diablo  tuvo  principio  el  sacrificar 
"hombres."* 

Las  Casas  adds  that  Xbalanque  was  bom  in  Utlatlan,  which  we  may 
construe  as  merely  a  claim  made  by  the  Kiches  to  the  birthplace  of  the 
hero  god,  which  doubtless  would  have  been  contested  by  their  neighbors, 
for  there  is  evidence  that  we  have  here  to  do  with  a  myth  which  was  a 
common  property  of  the  Maya  stock.  As  related  in  the  Popol  Vuh  where 
it  is  told  in  a  confused  manner,  and  at  wearisome  length,  it  is  briefly  as 
follows : 

The  divine  pair  Xpiyacoc  and  Xmucane  had  as  sons  Hunhun-Ahpu  and 
Vnkub-IIun-Ahpu  (Each-one-a-Magician  and  Seven -times-a-Magician). 
They  were  invited  to  visit  Xibalba,  the  Underworld,  by  its  lords,  Hun- 
Came  and  Vukub-Came  (One-Death  and  Seven-Deaths),  and  accepting 
the  invitation,  were  treacherously  murdered.  The  head  of  Hunhun-Ahpu 
was  cut  ofif  and  suspended  on  a  tree.  A  maiden,  by  name  Xquiq,  Blood, 
passed  that  way,  and  looking  at  the  tree,  longed  for  its  fruit ;  then  the 
head  of  Hunhun-Ahpu  cast  forth  spittle  into  the  outstretched  palm  of  the 
maiden,  and  forthwith  she  became  pregnant.  Angered  at  her  condition, 
her  father  set  about  to  slay  her,  but  she  escaped  to  the  upper  world  and 
there  brought  forth  the  twins  Hun-Ahpu  and  Xbalanque.  They  grew  in 
strength,  and  performed  various  deeds  of  prowess,  which  are  related  at 
length  in  the  Popol  Vuh,  and  were  at  last  invited  by  the  lords  of  the 
Underworld  to  visit  them.  It  was  the  intention  of  the  rulers  of  this  dark 
land  that  the  youths  should  meet  the  same  fate  as  their  father  and  uncle. 
But  prepared  by  warnings,  and  skilled  in  magic  power,  Xbalanque  and  his 
brother  foiled  the  murderous  designs  of  the  lords  of  Xibalba  ;  pretending 
to  be  burned,  and  their  ashes  cast  into  the  river,  they  rose  from  its  waves 
unharmed,  and  by  a  stratagem  slew  Hun-Came  and  Vucub-Came.  Then 
the  inhabitants  of  the  Underworld  were  terrified  and  fled,  and  Hun-Ahpu 
and  Xblanque  released  the  prisoners  and  restored  to  life  those  who  had 
been  slain.    The  latter  rose  to  the  sky  to  become  its  countless  stars,  while 

^  Las  Oasas,  Hiaioria  Apologeiita  de  laa  Indlas  OccidentaleSy  cap  cxxlv  (Madrid 
edition):  P.  F.  Alonzo  Fernandez,  BUtoria  Bccleaiculiea  de  Nveatros  Tiempoa^  p. 
137.    (Toledo,  1611). 
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Hun-hua^Abpn  and  Vacub-Hun-Ahpu  aeceDdfd  to  dwell  tbo  one  b  tbc 
sun.  the  uilier  in  thi^  moon. 

The  poriion  of  the  legend  which  iiarnitc<s  ilie  tMam  nf  XlMlnnriui-  la  itir 
upper  world.  Hnd  wliuL  befell  liim  there,  u  refcrre<l  lu  in  the  myth  pre- 
served  hjr  Las  CassB.  is  not  preserved  in  the  Popol  Vuli. 

Thu  foint  ri'semblance  which  Ihc  early  midsionariea  nutiifsi  in  thi»  ir 
ligiuua  tradition  to  that  of  Christ  would  not  lead  any  one  who  Uv>  U  ill 
clnstily  studied  uiylliology  to  ussiinic  Ihat  this  is  an  echo  at  Oiriiliin 
teni^htngs.  Both  in  America  and  Ihe  Orient  the  myths  nf  the  hero  p^. 
born  of  a  virgin,  and  that  of  the  descent  inio  Kadea,  are  mtiung  Ilie  moil 
common.  Their  explanation  rests  on  the  unirersBlily  and  pmminencenl 
the  procesises  of  nature  which  arc  typified  under  these  narratives.  Itb 
unscientiflc  to  attempt  to  deHrc  one  from  the  other,  and  it  is  not  lesa  wto 
endeavor  tn  invest  Umm  with  the  chnracter  of  history,  as  has  been  done  tn 
this  instance  hy  the  Abb£  Brusseur  (dc  Bourbourg),  and  rniioua  olltrf 

The  Aht6  maintained  that  Xilinllia  was  the  name  of  an  ancient  Staw  in 
the  valley  nf  the  Usumaslnta  in  7*abasco.  the  capital  of  which  wu 
Palenque.*  Ho  inclined  to  the  belief  that  the  original  form  was  bSiallii. 
which  wonld  mean  painted  mole,  in  the  Tiendal  dialect,  nnd  raiirht  haw 
Inference  to  a  custom  of  painting  the  face.  This  Tn  r>  >>  ^^  1  :>  .:i  itinD  h 
wholly  □nnecessBTy.    The  worti  Xibnlltn,  Cakdii    .  ^taja 

Silmlha,  Xahalba  or  Xulmllja  (all  found  In  the  /)/- ,  MS'i ). 

was  the  common  term  throughout  the  Maya  stock  of  languages  lo  deaote 
Ihe  ftlKxle  of  the  spirits  of  Ihe  dead,  or  Hades,  which  with  them  was  hcMio 
be  under  Ihe  surface  of  Ihe  earth,  and  not,  as  the  Mexicjin?  oflen  siippof^l. 
in  llie  flit  north.  Hence  Ihc  Cakchiqnels  used  as  synonymous  with  it  tin' 
expression  "the  centre  or  heart  of  the  earth," 

Ifh'u  qiix  uUh 

I  In  Its  heart  the  earth.  <^"'"'  ^"^^  «■  '"  > 

Colo  adds  tliat  the  ancient  meaning  of  the  word  was  a  ghost  or  virion  of 
a  deparled  spirit — "anti|;aamentc  este  nomhre  XibattHiy  significaha  el  dc- 
"(nonio,  vel  los  dltTunlos  6  visiones  que  se  les  aperescian.  y  asi  decian.  y 
"nun  algunos  ay  que  lo  dicen  oy,  xuquUU  xibalbay  ri  '  eUam  chi  nu  mtli. 
"sc  me  aperec:6  el  dilfunto." 

Afler  the  conquest  the  word  was  and  is  in  common  use  in  Gualpni»I» 
dialects  lo  mean  hell,  and  in  Maya  for  the  dttril.  Cogolludo  slates  that  it 
was  the  original  Maya  tcnn  for  the  Evil  Spirit,  and  lliat  It  means  'He 
who  dis;ippcars,  or  vanishes. "f  Ho  evidently  derived  it  from  the  M«t» 
verb  xibit,  and  I  believe  tliis  derivation  is  correct ;  but  the  signification  Ik' 
1  (Paris,  l»l(;  •« 
ac  ilesparec^  1  il«- 


•  Dl^xrlnlioa 

.Hr  /«  .Vi/the,  de  VAntiquill  Ameriattne.  \  v 

tlie  Pojxil  Fiift,  p.  70. 

f  Kl  llemoiii 

»  so  llnmiibn  XibUha,  que  quiere  declr  el  qui 

baneee,"    /fij'o 

tan  [wenty.on< 

and  was  modon 

itely  well  acquainted  wltli  tbe  Maya  tongue 
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givee  is  not  complete.  I  quote  from  the  Diecionario  de  Motul,  MSS.  tho 
entry  relating  to  this  word  : 

"  Xibil*  xQn,  xibic :  cnndir  como  gota  de  aceita  ;  esparcirse  la  comida  on 
"la  digestion,  y  deshacerse  la  sal,  nieve  6  yclo,  hunio  6  niebla. 
'*item:  desparecerse  una  vision  d  fantasma. 
**  item :  temblar  de  miedo  y  espantarse. 
''item :  qnitarse  el  doler  y  la  calentura." 

In  the  Cakchiquel  we  have  the  same  word  xibih,  to  frighten,  to  terrify, 
from  which  are  derived  the  instrumental  form  xibibeh,  the  verbal  noun 
xidibal,  that  which  causes  terror  (e.  g,,  xihibal  gel,  lit.  "that  which  frightens 
birds,"  i.  e.  the  scarecrow  set  up  in  the  cornfields,  Varea),  etc.  This  is 
the  secondary  meaning  of  the  root,  and  is  the  only  one  which  seems  to 
have  survived  in  the  Guatemala  dialects.  The  original  signification  of  the 
word  was  undoubtedly  *'to  melt,  dissolve,"  thus  disappear,  and  in  this 
sense  it  was  applied  to  the  act  of  death,  the  disappearance  of  man  from 
this  mortal  life. 

It  is  most  interesting  in  this  instance  to  note  how  the  mental  processes 

of  these  secluded  and  semi-barbarous  tribes  led  them  to  precisely  the  same 

association  of  ideas  which  our  greatest  dramatist  expresses  in  the  opening 

lines  of  Hamlet's  famous  soliloquy  : 

'*  O,  that  this  too  too  solid  flesh  would  melt, 
Thaw,  and  resolve  itself  into  a  dew ; " 

And  which  Cicero  records  in  the  expression  dissolutio  natures  in  the  sense 
of  death  (De  Legibus  L  ii.  et  al). 

The  natural  terror  and  fright  with  which  death  and  ghosts  are  every- 
where regarded,  and  especially,  as  Landa  remarks,  by  this  people,*  ex- 
plains how  this  secondary  meaning  became  predominant  in  the  word. 
The  termination  ba  means  in  the  Guatemala  dialects,  where,  whence, 
whither,  bey^  a  path  or  road  ;  Xibilbay  thus  signifies,  in  its  lo<^tive  sensf*. 
the  place  where  they  (t.  e.  the  dead)  disappear,  the  Hades,  the  Invisible 
Realm,  which,  as  I  have  above  appointed  out,  was  supposed  to  be  under 
the  ground. 

It  was  a  common  belief  among  many  tribes  in  America,  as  I  have  cIhc- 
where  shown, f  that  their  earliest  ancestors  emerged  from  a  world  whir-h 
underlies  this  one  on  which  we  live,  and  in  ancient  Cakchiquel  le^enrl, 
the  same  or  a  similar  notion  seems  to  have  prevailed.  At  hfast,  nucU  I 
take  to  be  the  sense  of  a  passage  in  the  earlier  pages  of  the  Jfemorytl  de 
Tecpan-Atiilan,  which  I  shall  transcrilje  from  the  copy  in  my  fjossesHion, 
with  the  translation  of  the  Abb^  Brasseur,  which,  however,  by  his  own 
statement,  cannot  be  depended  upon  as  accurate. 

"Tan  qa  talax  ri  Chay  Abah,  nimah  raxa  Xilialbay,  gana  Xilnltiay  tan 
"qa  ti  qak  vinak  nima  qakol  bitol ;  tzukul  richin  riChay  KXmh  ok  xqak 
"  ri  vinak  pan  pokon  qa  xutzin  vinak. 

*  RetaeSon  de  Uu  Cbmude  Tueaian^  {xxxlll. 

t  The  Mgtfu  of  the  New  Worlds  p.  241  (second  edltlon)u 


'"Le  Clmy  Alwli  est  sorti  de  Xibulbuy,  ilu  riche  et  pnirsuit  Xibaltaj. 
Ee  9(>n  CKuteur  i?t.  fortuaieur,  L't  tvliil  tiul  ftn- 
e  Cliay  AbHh.     Or  ii  fnriua  I'tiumme  el  U  pa 

' '  fcrtionnn  dans  Ic  doulour. ' ' 

The  name  of  llie  hero-god  Xtulanqne  ie  tspUined  by  tlic  Alib*  Bm 
BCiir  to  be  compounded  of  the  lUminutive  pivSx  r,  batam  a  tigr  !>nd  (bt 
plural  l«rmin»tirin  que.*  Like  go  many  of  the  derirtttions  iifTcrcd  wiUi 
gnMtt  confidence  by  tbe  worthy  Abb&  this  one  ia  quite  inwinwt.  Th<"r»  it 
no  plural  termlnntion  juf,  neither  !□  tlie  KiiJie  nor  in  any  relalnl  iliitrti: 
and  Uie  sigolflealjon  "tiger"  (jagtiar,  iTrlii  ttnea  Lin.  in  Me:ilran  on 
loU),  which  lie  aseigns  to  the  wotd  balam  Is  only  ono  of  Evvenl  wtildi 
belongs  to  it. 

The  naine  U  compounded  of  tbe  prefix,  either  reminine  or  dtminaibi' 
if;  balitm,  or,  as  given  liy  Guzman,  bitlan;\  nod  gueb.  deer  This  it  the 
composition  given  by  Ximenes,  wlio  Iranalatc-e  it  litonilly  as  "diiuinitii'o 
de  ligrey  venado."t 

From  analogies  easy  to  prrceive,  the  name  baliim,  was  also  ap|ilicd  to  a 
class  of  warriors  ;  to  n  congregiition  of  priests  or  divini-Ts  ;  and  to  one  of 
the  inferior  orders  of  deities.  In  composition  it  was  ajipliC'd  to  *  ipnltAi 
bmiorfly.  as  it  is  in  onr  tongue  to  the  "tiger  lily  ;"  to  ihe  king-Iwi.  w 
certain  rapacious  birds  of  prey,  etc. 

I  quote  tbe  following  entries  In  the  manuscripts  before  me  : 
"Balam:  tlgre. 
"Balam  malax:  mariposa  grande, 

GrzM.^N,  Comptmlio  <U  Xoiubrc. 
"  Balamil  cnl>  :  cl  rey  de  nbejas. 
"llalninll  call;  Ins  sneenlotes  del  pueblo,  cacique  y  regidorc?.  ([iir 

"con  sti  fiirUlc-/,ii  lo  gicirdan. 
"Balamil  cliicb  :  aves  de  iiipinn. 

■■Diftionarhdc  Mol'd. 


:  cl  tigro.  ZiiklHilnm,  ligropequciiodesun;>turcleKa;^^n./  *.iirw. 
"el  gmndc. 
"BitlaiD :  iJimhicn  sig''  un  signo  de  los  Indios.    .Wrcfr.ii  ""jh   F"  (-i''!'... 
"  6  Miiri/i  ilxihim.  SiiUim  se  llama  el  echl/cro. 

Varea,  CaUpUw. 
In  tbe  Inst  entry  fpiotcd,  wc  find  ibnt  fmlam  was  the  name  of  ori'  of  ihf 
days  of  the  Kiche-Cakohi(iucl  cnlciidar.  Il  was  in  fitct  the  IwclOb  of  ilmr 
week  of  Iwcn'y  duy!',  and  in  the  Mexican  calendar  o>-f/o((  rkkxI  forihffnur 
teenlh  of  the  twenty  diiys.  Q'«A,  the  deer,  was  also  the  name  of  a  sign  or  liay 
the  seventh  in  tbe  Kicbe-Cakcblqucl  (Miendar ;  but  was  also  iiseil  id  ei- 
•"I.esPclltsTlgres."  Mylhei  rfe  f  Anligullt  Amiricaine.  i  vlli;  rojMjl  VuKf-  '■<> 
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press  two,  thirteen,  five  or  six  days,  as  is  stated  by  Varea  in  the  following 
entry  in  his  Calepino. 

**  Queh :  el  venado.  Ha  se  estendido  la  signiflcacion  a  mulas,  cahallas 
**y  machas.  Sig'  un  cierto  dia  ;  otras  veees  dos  dias  ;  otras  veces  es  signo 
**de  trece,  otras  veces  cinco  6  seis  dias  a  la  quenta  de  los  Indios  :  qm  hun 

"queh  V€B  Jh,  d,  cuy  queh,  too  quchy  vahaki,  6,  oxlahuh  queh, 
c 

It  is  not  easy  to  explain  the  principles  which  governed  the  calculation 
of  time  among  the  Kiche-Cakchiquel  tribes,  only  vague  and  contradictory 
accounts  concerning  it  having  reached  us,  the  analysis  of  which  I  trust  to 
undertalce  in  another  article.  Suffice  it  to  say  here  that  the  hero-god 
whose  name  is  thus  compounded  of  two  signs  in  the  calendar,  who  is  born 
of  a  virgin,  who  performs  many  surprising  feats  of  prowess  on  the  earth, 
who  descends  into  the  world  of  darkness,  and  sets  free  the  sun,  moon  and 
stars  to  perform  their  daily  and  nightly  journeys  through  the  heavens, 
presents  in  these  and  other  traits  such  numerous  resemblances  to  the 
Divinity  of  Light,  reappearing  in  so  many  American  myths,  the  Day- 
Maker  of  the  northern  hunting  tribes,  that  I  do  not  hesitate  to  identify  the 
narrative  of  Xbalanque  and  his  deeds  as  one  of  the  presentations  of  this 
widespread,  this  well-nigh  universal  myth,  guarding  my  words  by  the 
distinct  statement,  however,  that  the  identity  may  be  solely  a  psychologi- 
cal, not  a  historical  one. 

It  will  not  be  without  interest  to  trace  the  balnm  myth  in  its  later  de- 
velopment. We  see  in  the  (quotation  from  the  Bic.cionario  de  Motul,  that 
the  title  was  applied  to  the  priests,  chief  and  rulers  on  whom  the  defence 
of  the  city  rested.  There  were  also,  in  Yucatan,  four  certain  divinities 
closely  connected  with  the  Calendar,  called  the  Bacuhah.  The  myths  of 
these  correspond  in  a  geneml  way  with  tlmt  of  Xbalanque,  sutHciently  so 
to  recognize  that  they  played  a  corresi)onding  part,  and  the  buhnn  and  the 
bacab  have  been  identified  in  modern  Maya  superstition.  The  four  bacabab 
were  four  giants  (chaac)  who  sustained  the  heavens,  presided  over  the 
3' ears,  were  the  gods  of  rain  and  agriculture,  who  sent  the  winds  on  their 
swifl  journeys,  and  hurled  the  lightning  flash  from  the  heavens.  The 
memory  of  these  mighty  beings  is  still  preserved  by  the  native  Mayas  of 
Yucatan,  and  even  with  all  their  devotion  to  the  liomish  Chunrh.  they  do 
not  neglect  the  pious  rites  to  these  ancient  and  beneficient  national  divini- 
ties ;  and  what  is  to  my  purpose  here,  is  the  fact  that  they  still  pay  them 
homage  under  this  very  name  of  the  Bnlnms.  In  Maya  the  plural  termina- 
tion is  ob,  and  with  the  masculine  prefix  h,  their  name  becomes  llbalam  ob.- 

I  have  in  my  possession  a  Spanish  manuscript  written  in  Yucatan  about 
twenty  years  ago,  in  which  are  collected  various  superstitions  still  preva- 
lent among  the  natives.  The  accounts  are  from  different  sources,  and  as 
the  matter  is  both  new  to  students  of  such  matters  and  of  importance  in 
tracing  the  development  of  the  religious  notions  of  the  natives,  I  shall 
give  a  translation  of  those  paragrai)hs  which  describe  the  still  prevalent 
belief  in  the  Ilbalamob.     The  authorities  given  for  the  account  are  the 
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eminent  antiquary,  Don  Crescentno  Carrillo,  Don  Jose  Muria  Xiupi'z,  nnJ 
the  Licenciato  Zelina  of  Tubasto. 

■■Tlie  SbalajiuA  are  ceruin  very  ancient  men  who  lako  cliitrge  of  and 
"guonl  tlie  towns.  One  of  tliem  ia  conslAntiy  oo  Lhn  wali'li  on  the 
"  north  Bidi:  of  Uic  town,  nnother  on  tlie  Eoiitti,  n  tliinl  on  tlie  east.  »nil 
"a  fourth  un  lh»  west.  During  the  day  they  are  inTieible,  allhougU 
"  Lhey  &K  occasionally  seen  ;  but  iJioae  who  have  this  privilege  are  very 
"sant  to  meet  soon  afterwnrds  with  gome  sciiouB  misfonunf.  u  to  bv 
"Stricken  dumb  for  a  while,  or  10  tie  attacked  with  a  dangerona  malndy, 
"As  soon  as  night  aTriveH  the  Ilbalnm  becomes  more  alert  and  vigilant, 
"without  which  the  town  would  soon  Buffer  great  mlsrortuiie.  A  violent 
"  roin.  a  hurricane  or  a  plague  would  promptly  visit  it.  Although  tarely 
"seen  even  at  ni^ht,  one  may  oflcn  hear  the  shrill  whistle  wilh  Whldi 
"they  fall  to  each  other  for  assistants  in  repelling  the  malignant  in - 
"  nuences  wliicli  would  aasall  the  town.  These  the  native  represents  i« 
"  htmeoir  OS  personiflcd  in  individuals,  as  did  the  ancient  Romans  and 
"Qreeka. 
"The  whistle  which  ia  their  signal  to  each  other  is  bo  loud  and  slirill  lli:il 
"It  <»n  be  heard  from  one  end  of  the  town  lo  the  other,  no  matter  how 
"far  that  may  be.  United,  they  oppose  wilh  all  thetr  might  the  uwlig- 
"nant  powers  which  would  aitaiJi  the  town.  Buch  is  ttieir  gigantic 
"strength  that  the  day  after  a  conQlct  of  this  kind  one  will  find  the 
"iirenii  of  the  contest  strewn  wilh  large  trees  bwlten  down,  torn  up  liv 
"the  routs  and  split  into  fratinieutB,  and  the  earth  te  beaten  and  up- 
"  heaved  In  a  manner  that  could  not  proceed  from  any  human  agency  ; 
"even  large  stones  have  been  broken  into  pieces  in  sucirbattles. 
"Although  the  Hbaliim  has  no  wings,  be  has  the  power  of  flying  through 

' '  the  air. 
"  Not  only  the  natives  but  the  whites  of  the  interior  Iiave  implicit  faith  in 
"  these  mysterious  beings.  There  is  not  an  Indian  who  has  a  corn-field 
"  who  ondts  to  propitiate  on  tlie  proper  day  the  Hbalamob  by  a  suitn- 
"ble  oftering.  This  is  a  very  ceremonious  act  which  is  presided  over  by 
"the  }tkia  (native  priest),  and  were  it  neglected,  the  corn  would  wither 
"for  want  of  rain  or  for  some  cause  be  ruined. 
"When  an  Indian  is  reproaclied  with  the  error  of  believing  In  the  e^ist- 
"  ence  of  these  Hbalamob,  which  he  has  never  seen,  be  contents  him- 
"self  wilh  the  reply;  'Ah!  bii-maheh  hah!'  'Ah!  How  can  It  be 
"otherwi.ie  llian  true  !' 
"They  are,  however,  seen  on  various  occasions.  Thus  tliey  say  that  an  In- 
"dian  and  his  wife  once  went  to  their  cornfield  to  gather  ears.  While 
"at  work  the  Indian  lotl  the  field  to  get  some  water,  and  his  wife  threw 
"off  the  gown  she  wore  lest  it  should  be  torn,  and  was  naked.  Sud- 
"denly  she  heard  some  one  call  to  her  in  a  loud  voice:  'PixeauUo 
"  ittoh  thin.'  ;  (.T<ipa  laeah,  gran  dia}>lo);A\.  the  same  time  she  received 
"  two  smart  blows  with  a  cane.  She  turned  and  saw  a  tall  man  wilh 
"a  long  beard  and  a  gown  which  reached  to  Ihe  earth  at  his  feel. 
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"This  was  the  Hbalam.  He  gare  her  two  mow*  blow!»  an^^  lUM^^HHitTv). 
•'and  she  bore  the  marks  of  the  four  cuts  the  rest  other  Ufe. 
**  At  another  time,  in  the  province  of  Tihosuci\  an  Indian  had  f\^r|ix>tti>n  t\^ 
.  "offer  the  Hbalam  a  gift  when  the  corn  was  pluntoil.  \n  tht»  f?^tn  \vi»n» 
*  ''about  ripening  he  visited  his  field  to  look  at  thorn.  \\v  found  in  W  i\ 
"tall  man  who  was  engaged  in  picking  tlio  cam  one  )\v  one.  and  plnoin^ 
"them  in  a  xuxae,  or  large  basket,  which,  acconling  to  tlio  ruAtotn  of 
"the  country,  he  carried  fastened  to  his  shoulders.  Tlir  fndiiui  snhilrd 
"him  with  some  mistrust.  The  other,  who  was,  in  nirt,  tho  Itlmlfnn. 
"answered  the  salute  curtly  and  added  :  'I  am  linro  giitliortn^  In  tlist 
"which  I  sent.'  Shortly  afterwards  ho  took  from  his  ]nn\v\\  an  ln)nifMi*ip 
"cigar,  'such  as  the  Hbalamob  are  accuHtomcd  io  snioko'  pHrrntlii>(l(> 
"ally  added  the  narrator,  and  picking  up  his  flint  and  fiteot  ho^an  to 
"strike  sparks.  But  the  sparks  he  stnick  were  flashes  of  llKhtrilnfC.  and 
"  the  sound  of  his  blows  was  terrible  thundcrcla|is  whlrh  shiKik  fhfi  rcry 
"earth,  and  the  Indian  fell  to  the  ground  nncon.^rioiis  with  ^Ptmr. 
"When  he  came  to  himself,  a  hail  storm  ha^l  dest^'oyed  his  corn.  On 
"his  return  he  fell  sick  with  a  fever  which  neariy  c^^t  him  his  lifn. 

"It  is  a  general  belief  among  the  Indians  that  thf;  nhfyfriinfi  n^nrn  urt^ 
"nothing  else  than  the  stumps  of  their  huge  cigars  thrciwn  away  \iy  ihp 
"Hbalamob." 

Returning  to  the  myth  of  Xbalanqne,  it  is  cvirlent  that  in  the  Pop^»I  Vnh 
one  important  part  of  it  is  omitted,  that  is.  the  p<^rrion  f]p^r'Tih\ngr  hi^ 
actions  after  returning  from  the  underworld,  and  we  r>an  hut  mea^r^ly 
sapply  this  omission  from  other  ar>nrces.  Acrx>rding  to  the  earliest  anthori 
ties,  his  egreaa  was  made  at  Cohan  in  Vera  Paz,  and  after  he  hart  rome 
forth  he  stopped  up  the  aperture  or  navcm,  !W)  that  no  oilier  one  ^onld  de- 
scend.* 

The  divinities  Han  Bat2  and  Hnn-ehoven  are  represented  in  the  Popol 
Yah  SB  skilled  in  painting,  singing,  playing  the  ttute.  in  working^  i^old  ;ind 
jewels,  and  in.  catting  stones.  Jieveral  meanint^a  can  fm  »lvf>n  ro  f»aeh  of 
these  names.  Hun-Batz  is  translated  by  Ximenez  i  fhr^ad ;  it>«  proper 
form  is  Baq,  in  Cakchiquel,  from  the  verb  ro  4pin.  weav«*.  :ind  f  i)r»^ome 
re&n  to  Hun-Batz  aa  presiding  over  the  textile  ;irT.s.  Ilun-'*hor«»n  !« 
stated  by  Ximenez  to  mean  on^.  mh)  >>  nttai  Mino  lue  r^ra  "n  onl^n;  :  ly 
Brasseur  *in  qui  9'fim^»fUif.  Tlie  veriwil  form  ''/*<>/•»'  is  rpndprH  ;»y  V:vr**5t 
'^'bhuuinearae,"  to  whiten,  blearh  or  polish  'ip.  Tliis.  'oo,  -eems  ;o  V-at 
a  distinct  refferBnce  to  the  arts.  Tlieir  mother  Is  Xliakirs^lo.  r'rom  ;•  r>male 
prefbc  bnk,  bnne  or  lv)nes,  and  i^nio/t.  ro  k»wn  'ocether.  }wimen<>7  nn«- 
biCes  it  litexttllv  fi^d  f)^ne»  I'huesos  uiuiosi.  :mt  x  -honlii  •>«>  •  '^h**  vUo  »r**- 
serves  the  Iwmes,"  and  prohahh'  iias  rpferpn<T^  o  he  general  --are  v'Th 
which  tlie  ])ones  of  rhe  ieail  Tere  [;)reserrfrni  -^xXi  iTiid^*"!**  ;H»nert  >r 
varxods  members  of  rhe  Red  Rhcp. 

•Hlerontmo  Romiwi,  De^a  Ih^th  ''ra'tefas  fnfika  *itKuientaU»t,  r.;b.  A.  cup  .^v. 
(aalamanra.  HM*. 
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ThelkllieroflbcBecllviiiittca  wnsIIuD'hun-nlipu,  hlmeclf  tbo  wo  of  Um 
originHl  pair,  Xpiyaem;  and  Xmutnne. 

TliG  Ai>h6  liraastut  has  tukcn  pains  In  make  tltia  mylli  of  th«  tn 
brothers  nppenr  i6  be  of  Naliuatl  origin.  Un  tlie  (onlrary,  Oiete  ii  aimg 
eviilenoo  ibut  it  is  essentially  h  Maya  myih.  and  uriginiUly  bore  a  dmc  ■■ 
lation  to  others  prevniling  in  Yucatan.  Tliis  ovickace  is  fuund  In  lb* 
pugcs  of  Fullier  Hieruniiuo  Itoinau,  aud  I  regnrd  the  vcrskin  lie  gi^w  of » 
much  interest  that  I  will  trunelate  it  from  the  third  pan  <>r  hia  extmndj 
Bcutt't-  work  L/it  Republiejis  iM  Mando,  puhlislicd  at  SalaTiiiiu<a  in  15H. 

"  Tlieir  tradition  saye  that  tliore  were  a  hiuband  und  wife  w)u>  w«ft 
"divine.  Tlie  man  was  called  Xiliel.  and  the  woman  Xk-midiib.  ThtJ 
"considered  theau  two  father  and  mother,  hnving  three  roiih.  TIm  uUk 
"  lugttther  with  Home  others  grew  arroptnt.  nod  desired  to  inaicu  trroalura 
"for  themaclres  against  the  wiah  of  the  father  and  motber  ,  hut  Ibej' 
"  eixild  not.  because  the  work  which  eaiue  from  Ihelr  luiiidti  (uronl  out  t« 
"  be  only  old  earthenware  lit  for  common  purposes  as  for  pots  and  fan*. 
"and  other  utensils  of  yet  meaner  uses.  The  youn^ur  aouti  wliowtK 
"(tailed  Uuucheuen  and  Uunahun  asked  permiBsion  of  iltcjr  IkllMV  ud 
"  mother  to  make  creatures,  and  they  received  it,  tht^ir  parcuta  «tflm 
"llicy  might  have  it  beeauM  Uioy  had  il«ineHt3«d  ihemMilTW  linmU)^ 
"They  at  flrsl  made  the  heavens  and  the  plants,  fire.  tUr,  naur  Md 
"earth.  Then  they  nude  man  from  Ifat:  oartk.  The  otlien  wbo  pH- 
''sumptuously  tried  to  make  creatures  against  the  will  of  the  parent* 
"  were  caul  into  the  infnmol  regions.  All  Ihe  nativKS  who  are  engagvl 
"  in  the  arts,  sudi  as  jmintcrs,  weavers  of  feathers,  sculptors,  workers  in 
"  silver  and  gold,  and  the  like,  liuiior  highly  lliese  two  younger  bnxhers. 
"and  a^k  their  favor  and  aid  in  order  to  obtain  skill  in  llieirurts  and 
"iradiw,  but  they  do  not  believe  them  lo  be  ilic  hiaheal  divinity.'* 

In  this  iiarnitivc  llomau  gives  the  name  of  llun  aliau  (.//hiii  is  an 
obvious  misprint),  inslojid  of  Ilunbiil/  :  and  assigns  lo  them  as  jKirenislLr 
distinctively  Maya  divinities  llKiininii.  the  niytliical  eivili/er  and  dLicovenT 
of  picture  writing,  and  Xchel.  tin-  goddess  of  medicine,  cliildbirili.  etc.. 
although  lie  confuses  the  sex  of  llie  iMirenls.  It  is  au  interesting  pnmf  ol 
the  antiquity  of  the  legend,  and  of  its  e\lcn>.ion  into  the  pure  Maya  sjiftik- 
ing  communities,  with  whom  [irohably  it  was  a  relic  of  very  ancient  inUlis 
common  lo  the  Maya-Ki<-lie  stock. 

I  have  reserved  for  a  s]M-(-ial  subject  of  discussion  tlic  ri'lation^bip  of 
some  of  ihe  names  of  divinities  in  Ihc  PoH  Vub  lo  tliose  of  1hcA;(t(c 
inylholoiry.  It  is  the  received  and  fiivoritc  theory  with  many  llial  llie 
civilisation  of  ("Jualeniala  was  ,il  lirst  a  legacy  fnun  some  Nnbiwll  ,-p<-jk- 
ing  riuc-.  either  Tolelcs  or  A/.tecs.  Tbc  subManlial  identity  of  the  m.'ihol"- 
gie^  of  the  two  iMioples  Inis  also  been  assumed.  How  far  the  ideniity 
cMcuded,  I  ,-lmll  now  examine. 
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Certainly  the  native  writer  of  the  Popol  Vuh  claims  a  common  origin 
with  the  Nahuatl  race.  Like  them  he  traces  his  descent  fVom  the  mythical 
seyen  caves,  seven  ravines  or  seven  sons  which  are  familiar  in  Aztec  myth. 
He  quotes  an  ancient  8<5ng  which  hegan  with  the  words  KamiLCu,  we  see, 
which  ran  like  this : 

•*  Alas,  in  Tulan  were  we  ruined,  there  we  separated,  there  they  re- 
"mained  behind,  our  brothers,  our  kinsmen.  We  indeed  have  seen  the 
"sun,  but  they,  where  are  they  now,  now  that  the  day  is  breaking? 

"Thus  did  our  ancestors  chant  to  the  priests,  the  Yaqui  men. 

"Verily,  the  god  named  Tohil  is  the  god  of  the  Yaqui  men,  Yolcuat 
"  Quetzalcoat  by  name,  when  we  separated  in  Tulan,  in  Zuiva.  Thence 
"indeed  came  we  forth  together;  there  was  the  common  parent  of  our 
"race  whence  we  came.    So  said  they  one  to  another. 

"  Then  they  called  to  remembrance  their  brothers,  there,  far  off,  behind 
"them,  the  Yaqui  men,  where  the  day  came,  in  Mexico,  as  it  is  now 
"called." 

The  "Yaqui  men,"  yaqui mnak,  was  and  still  is  the  common  term  in 
Kiche  and  Cakchiquel  for  the  Aztecs  ;  yaqui  itself  being  an  adjective  in 
those  dialects  signifying  polished,  cultivated,  civilized.*  There  was  un- 
doubtedly frequent  commercial  intercourse  between  the  Aztec  and  neigh- 
boring races,  and  among  the  descendants  of  the  original  seven  brothers 
were  claimed  to  be  such  totally  diverse  nices  as  the  Otomis  and  Tarascos, 
so  that  it  is  not  surprising  that  the  early  Kiches  in  a  measure  accepted  an 
origin  from  the  same  prolific  source.  Tohil  and  Quetzalcoatl  resemble  each 
other  in  vague  outlines,  and  hence  the  scribe  identified  them  just  as  Taci- 
tus identified  the  Teutonic  Thor  with  the  Latin  Vulcan.  There  is  no  real 
similarity  between  the  two. 

The  name  Chimalmat  also  appears  in  the  Quetzalcoatl  myth  in  the  form 
Ohimalmatl.  According  to  one  account,  she  was  the  second  wife  of  the 
father  of  men,  Iztacmixcohuatl  and  the  mother  of  Quetzalcoatl ;  or  she 
w^as  a  virgin,  and  finding  a  chalchihuitl,  a  sacred  green  stone,  swallowed 
it,  and  becoming  pregnant  bore  Quetzalcoatl ;  or  again  she  was  the  wife  of 
Camaxtli,  god  of  hunting  and  fishing,  and  had  by  him  five  sons,  one  of 
whom  was  Quetzalcoatl. f  The  name  In  Nahuatl  is  from  chnmalU,  a  shield, 
and  probably  inatUiUn,  dark  green.  We  find  her  in  the  Popol  Vuh  as  the 
wife  of  VuknbCakix,  Seven  Aras,  the  ara  being  the  bird  of  brilliant 
tropical  plumage  called  in  Aztec  the  Quetzal.  Although  her  name  ain  be 
explained  as  a  Kiche  word,  it  is  most  probably  a  loan  from  Mexi(;an 
mythology. 

The  name  tepeu  which  I  have  derived  from  a  Maya  root  is  found  also  in 

•The  Ytvqul  tribe  in  Soriora  has  no  connection  with  tliis  tradition,  the  identity 
of  names  being  accidental,  and  the  meaning  of  the  words  different.  Yaqui  in 
also  an  Aztec  word  meaning  "departed  or  gone  away  to  some  other  region," 
emigrants  (Ido  6  partldo  para  alguna  parte.  Molina.  Vocabulario  Mexicano,  k.  v.). 

t  These  various  myths  are  given  in  Toribio  de  Motillnia,  JHUtoria  de  los  Jndioa 
de  Nueva  Enpaiia,  Eplslola  Proinilal,  p.  lU,  and  Geronimo  de  Meudieta,  IliMtorla 
JOcclftaiastica  Indiana,  Lib.  ii,  cap  xxxlii. 
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Nabiuttl  wiih  almost  tlic  sanie  significationB,  as  will  be  apparent  fmtn  Uie 
following  quDialions  from  Molinn's  Voeabulario  Mexieanc  (Mexjco,  ISTS). 

'■  Tepanaul,  el  que  excede  a  los  oiroa  y  les  Ueva  reotajB  en  alp^  t 
"el  que  ea  vencedor. 

"Tepan  nicac,  presidir  0  goreroar  (nicae  is  an  odverbkl  ending 
"eignifylug  presence  Id  time  and  spucc,  here  is,  llicre  la). 

"Teiieuanl,  conquistador  {t  vencedor  de  batalla." 

The  same  may  bo  said  of  the  Kiclie  and  Itbya  word  aAau,  tMeS,  lixd, 
Otlea  applied  to  divinities ;  tbie,  too,  reappears  in  Naliuail  in  the  wnie  e( 
enjoymcQi.  ease,  taking  one's  pleasure,  as  a  great  ruler  la  BU|ipoeed  to  do. 
The  following  are  alao  t^m  Molina. 

"Akauia,  regozljarse,  y  totuar  placer. 

"AAauiUia,  espactarae,  recrcarse  0  pasear  Uempo. 

"  Ahatiixea,  alegrenienle." 

But  the  carefiil  student  in  comparing  these  words  and  thrir  dcriratirM 
In  Aztec  and  Maya  will  Sad  that  while  in  the  latter  tongue  th«dr  wbole 
history  can  he  traced  from  the  primary,  literal,  concrete  meaning  ihreo^ 
Uie  Becoodary.  transrerred  and  metaphorical  senses,  thia  is  not  the  ca**  a 
Aztec,  but  that  in  it  they  appear  only  with  a  late  secondary  sijjniScauoD. 
Thia  ia  coDClusivo  evidence  that  the  borrowing  was  not  from  Aiiiec  w 
Maya,  hut  from  Maya  or  ita  dialeete  to  Azte*,  and  thfa  at  a  comparatiTdj 
IbIh  dale  in  linguistic  history. 

I  shall  illustrate  this  liy  another  example.  I  have  previously  traced  At 
dfv(.-l(>[mii'nt  ■if  llu'  name  Nanauac  from  n  Jtiiyft  root,  branchiug  off.  sn.i 
extending  through  an  interesting  series  of  related  conceptions.  Words 
from  this  same  root  arc  alao  found  in  Aztec,  hut  all  derived  ftom  a  law 
fonn,  and  in  a  bad  sense.     Molina  gives  : 

"  2faiiaUi,  bruia. 

"  Ifauallalia,  escondersc  para  aaecbar  3  liacer  mal  a  otro. 

"  JVauallult,  negromaucia  0  cosa  semejaute," 

No  other  significations  are  given  by  Molina  to  words  from  this  root  ei- 
cepl  auch  as  relate  to  sorcery  and  witelicrafl.  Evidently  the  Aztecs  had 
borrowed  it  after  it  had  ri'aclied  this  meaning  in  its  development,  and  il 
would  be  in  vain  to  allempt  to  show  its  history  from  Nahuatl  sourres. 
whereas  this  is  easy  from  Ihe  Maya  ilialccls.  These  examples  therefore 
point  strongly  to  the  conclusion  that  the  resemblances  or  occasional  iden- 
tities between  Kiche  and  Aztec  mylha  arc  superficial  ones  only,  brou^i 
about  by  a  limited  but  long  continued  inlercoursc  between  the  two 
peoples,  and  that  the  main  and  fundamental  conceptions  of  Eicbi- 
mythology  do  not  point  lo  any  Aztec  or  Tollec  source,  but  airongty  anJ 
decidedly  to  the  pure  Maya  myths  and  tongue. 

As  a  probable  Aztec  infiltration;  I  may  mention  the  myth  of  the  tenw- 
trial  paradise  called  in  the  Popol  Vuh  FiixCl.  This  word  has  given  troublt 
to  the  couimentniors,  and  no  satislactory  sense  has  been  made  onl  of  ii 
viewed  as  a  Kiche  expression.     I  am  inclined  to  believe  it  a  rAmlniscrnrr 
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of  the  Aztec  Tlaloc  and  his  happy  abode.  He  was  the  god  of  rain,  **  dis- 
tribator  of  the  waters"  (repartidor  de  las  aguas),  and  the  Joyous  spot 
where  he  passed  his  time  was  called  PaJuia,  properly  Pahatlan,  from 
pahaU,  rose  water,  sweet  unguent,  or  other  such  substance  to  strengthen 
and  refresh  the  body.*  The  waters,  the  timely  rains,  refresh  and  rejuve- 
nate nature,  and  whence  they  come,  their  source  and  home,  was  in  the 
imagination  of  the  Aztecs  preeminently  the  land  of  life,  joy  and  abun- 
dance, the  terrestrial  paradise. 

While  I  am  anxious  to  give  full  weight  to  these  affinities  between  the 
Maya-Kiche  and  the  Aztec  mythology,  I  must  formally  protest  against  the 
strained  efforts  at  identifying  the  divinities  and  myths  of  the  one  race  with 
that  of  the  other,  as  has  been  done  in  many  parts  by  Brasseur  and  in  an 
even  more  pronounced  manner  by  Mr.  H.  H.  Bancroft. f  I  wish  to  state 
clearly  my  adherence  to  the  opinion  that  the  theogonies  of  the  Maya  and 
Kahuatl  stocks  were  distinct  in  origin,  different  in  character,  and  only 
similar  by  reason  of  that  general  similarity  which  of  necessity  arose  from 
the  two  nations  being  subject  to  like  surroundings,  and  in  nearly  the  same 
stage  of  progress.  The  two  nations  had  for  generations  frequent  commer- 
cial intercourse  ;  certain  features  of  the  religion  of  the  one  may  have  been 
borrowed  from  the  other,  as  were  certain  words  of  the  language  ;  but  to 
explain  the  attributes  of  a  Maya-Kiche  divinity  by  those  of  an  assumed 
Mexican  analogue  is  a  hazardous  and  uncritical  proceeding  ;  and  to  take 
it  for  granted  that  historically  the  one  mythology  is  a  descendant  of  the 
other  is  a  gratuitous  assumption  wholly  without  support  by  the  fiicts  so 
far  as  we  know  them,  and  at  present  contrary  to  probability. 

It  will  be  noticed  in  some  of  the  above  names  how  prominent  the  per- 
ception of  color  shows  itself  This  is  very  strongly  marked  in  these  dia- 
lects. There  is,  however,  no  evidence  that  they  distinguished  colors  to  a 
refined  extent.  On  the  contrary.  Goto  distinctly  confines  the  names  of 
colors  to  five :  "Los  nombres  de  colores  no  tienen  mas  de  cinco*'  (s.  v. 
CoUyr). 

As  I  have  above  said,  travelers  maintain  that  the  natives  do  not  dis- 
tinguish green  from  blue ;  in  Kiche,  rax,  in  Maya  yaax,  stands  for  both 
these  shades.  The  names  of  these  five  main  colors  are  constantly  recur- 
ing  as  signs  and  metaphors.    They  are  : 


Klche. 

Cakchiquel. 

Maya. 

White, 

zak. 

zak. 

zac. 

Black, 

gek. 

g'ek, 

ek. 

Red, 

cak. 

cak. 

chac. 

Green, 

rax, 

rax. 

yaax. 

Yellow, 

gan. 

g'an. 

kan. 

•  *'EI  lagar  de  Tlaloc,  qae  era  la  tierra  de  Phajad,  deMcunno  y  blen  aventu- 
ranxa.*'  Joseph  Joaquin  Granadoa  y  Oalvez,  Tardet  Amerieanat^  p.  87.  (Mexico, 
1778.)  This  author,  though  well  acquainted  with  Otomi,  was  not  proflcl^nt  in 
Aztec  There  U  nop^  nor/ sound  in  Aztec.  The  word  pahaU  U  given  by  MoUna 
with  the  significations  stated  in  the  text. 

iNoHve  RaeeM  t/the  PaciAe  StaUa,  Vol.  HI.  chap.  xl. 
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The  poverty  of  this  list  was  eked  out  by  certain  terminations  which 
modified  the  force  of  the  root,  as  in  Maya  pozen,  which  indicated  that  the 
tint  was  light  or  shaded  toward  white  (Pio  Perez)  ;  and  so  Goto  gives  for 
the  blue  color  of  the  sky  rax  gorogoh  or  rax  hanaho/t  (s.  v.  Azvt),  and  for 
brown  rax  magamoh,  etc.  Hence  I  judge  that  the  deficiency  of  the  color 
sense  above  referred  to  was  apparent  rather  than  real. 

The  Popol  Vuh  informs  us  that  there  is  a  spot  where  four  roads  meet, 
each  of  a  different  color,  the  one  red,  th^  second  black,  the  third  white, 
and  the  last  yellow  or  green  (pp.  82,  143).  This  is  a  reminiscence  of  the 
use  of  the  colors  as  symbols  of  the  cardinal  points  of  the  horizon.  The 
same  four  colors  were,  according  to  Landa,  used  by  the  Mayas  on  their 
"Katun  wheel,'*  by  which  they  counted  their  calendar,  and  each  was 
sacred  to  one  of  the  four  dominical  letters  of  their  calendar. 

The  custom  of  identifying  a  color  with  one  of  the  cardinal  points  was 
common  in  Yucatan  and  Mexico,  as  well  as  elsewhere  in  the  New  and 
Old  World.  It  has  been  studied  in  both  by  M.  de  Charencey,  who  believes 
that  in  Mexico  and  Central  America  the  original  systems  were  as  follows  :* 

Quaternary  System.  Quinary  System. 

East,  Yellow.  ,  South,  Blue. 

North,  Black.  East,  Red. 

West,  White.  North,  Yellow, 

South,  Red.  West,  White. 

Center.  Blaek. 

Thi^  svnibolisin  in  the  Ibrni  of  its  (existence  in  Guatemala  has  not  vet 
hiivn  made  out.  I  ol)serv<'  that  in  Cake 'hi(iuel  the  term  for  red,  a/A",  also 
meant  Xorth  (cftk  ///,  north  wind,  Coto.  s.  v.  Ayre). 

The  word  /v/j",  ,G:reen  or  blue,  as  I  have  al)ove  mentioned,  was  used  also 
in  the  sense  of  strong,  violent,  jireat,  macniticent.  It,  in  faet,  almost  lost 
its  meaning  as  connoting  a  particular  hue.  and  was  applied,  for  instanct% 
to  any  ])recious  stone  of  no  matter  what  color.  Thus,  says  Coto,  "a  todas 
las  piedras  d(j  estima  y  relueienies  llama  el  indio  raxavon,  de  (iuaUiui«r 

"color  que  scan;  piedra   de  anillo,    ruxaron  ru  rack  nur  a,    que   es   el 

"anillo." 

iioth  green  and  vellow  were  esteemed  fortunate  colors  bv  the  Cukrhi- 
(piels,  the  former  as  that  of  the  nourishing  ])lant,  the  latter  rts  that  of  the 
ripe  and  golden  ears  of  maize.  Il<'nce,  says  Coto,  they  were  also  used  l(^ 
mean  prosperity  :  '*]):ira  significar  i>ros])endad  usan  deste  wowxhn-  g an nl, 
"y  rtixdl  que  es  verde  ;  v.  g.  </i>/i  f/a/i<ij.  rftxifJ,  r"  r/Ht/n'm  Pulrc"  The 
god  Kami,  is  still  honored  by  the  Kiches,  as  the  i>rotector  of  the  harvest!. 

Nevertheless,  yellow  was  the  color  used  in  mourning,  and  the  bereaved 
one  j)ainted  himself  w  ith  a  yellow  earth,  as  we  learn  from  Xiuienez  : 
'•El  luto  (pie  usal)an  era  untarse  de  tierra  amarilla,  do  adonde  tome  el 

♦  Df's  f'oiiJcurs  rnHsiih'ri'es  r')7}imt'  Si/nibnfcs  (Ics  Points  de  l' Horizon  chcz  les  Pcuptes 
dn  Xouvfau  Mond*\    AcU's  ile  la  Soci<''tc  Phllolo^iques,  Tom.  vi. 
jScherzcr,  ubi.sui/ra,  p.  IJ. 
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Vnombre  maUcam  el  viudo,  que  quiere  decir  el  untado  de  amarillo" 
iE9eolios,  p.  214). 

The  color  white,  zak,  had,  however,  by  far  the  widest  metaphorical 
uses.  As  the  hue  of  light,  it  was  associated,  with  day,  dawn,  brightness, 
etc.;  to  dawn,  ti  taker;  the  daybreak,  maJia  ti  zaktr;  a  clear  sky,  ram 
tah;  light,  zak;  clearness,  translucency,  zak  U.  As  applied  to  abstract 
ideas  its  employment  was  very  frequent  as  "clearly,  manifestly, *'  chi  takiL 
In  the  Popol  Yuh  are  such  expressions  as  zakil  golem,  zakil  ttih,  literally 
"the  whiteness  life,  the  whiteness  words,"  which  mean  "the  glory  of 
life,  the  glory  of  speech."  The  mythical  mother  and  fUther  of  the  race 
are  called  zakil  al,  zakil  qahol,  slie  who  gives  birth  to  whiteness,  he  who  be- 
gets whiteness,  where  the  whiteness  is  to  be  understood  as  mental  clear- 
ness, knowledge,  enlightenment.  Yarea  gives  zak  iricah^  to  make  clear, 
to  explain,  zak,  a  clearing  in  the  woods,  and  other  derivatives. 

In  closing  this  exegetical  study,  I  would  point  out  one  fact  developed  by 
it,  to  which  I  attach  considerable  weiglit,  and  that  is  that  the  namt^s 
analyzed  indicate  unmistakably  a  source  immeasurably  remote  IVoni 
Christian  thought,  and  thus  prove  the  aboriginal  origin  of  this  important 
myth.  Can  any  one  maintain  that  it  was  an  echo  of  missionary  teaching, 
when  the  names  it  applies  to  the  highest  god  are  such  as  "tlie  Great 
Hog,"  "the  Fox,  mighty  in  Magic,"  "the  Syphilitic  One,"  and  the  like? 
Such  appellations,  at  first  sight  so  degrading  to  the  notion  of  Ood,  can 
only  be  understood  by  taking  into  account  modes  of  thought,  and  associa- 
tions of  ideas  wholly  divergent  from  those  to  which  these  tribes  were  in- 
troduced by  the  ministers  of  the  Christian  religion. 


Stated  Meeting^  December  M,  1881. 

Present,  G  menibers. 
President,  Mr.  Fraley,  in  the  Chair. 

Letters  accepting  nieml>ership  were  receive*!  from  John  Kvanx, 
dated  Nov.  5,  1881,  Nash  Mills,  Ilarn el- lie ni jistead ;  Henry 
H.  Gorringe,  Nov.  30,  Portland,  Oregon  ;  William  Gladstone, 
Prime  Minister  of  England,  Nov.  15,  10  Downing  St.,  White- 
hall (through  G.  L.  Gower) ;  and  B.  Stallo,  Nov.  18,  Cincinnati. 

A  letter  of  acknowledgment  was  re^Miiverl  from  the  li^>yal 
Institution,  Iy>ndon.     CPnjc.  107,  108  ;  Tram*.  XV,  3.) 

A   letter  of  cnvov   was  received  from  the  North  Cbinfr 
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Branch  of  the  Koyal  Asiatic  Society,  dated  Shimghai,  Oct, 
25,  1881. 

A  letter  requesting  the  completion  of  sets  of  Proceeding* 
and  Traiisactiona  of  this  Societj',  was  received  from  Cornell 
University,  Ithaca,  N.  Y.,  dated  Nov.  22,  1881.  The  matter 
was  referred  to  the  Secretaries,  with  power  to  act. 

A  ciroidar  letter  was  received  from  the  Secretary  of  tho 
Prince  Edward  Island  Historical  Society,  dated  Nov.  17,  1881, 
Charlottetowii. 

Donations  for  the  Library  were  received  Scam  the  Mining 
Bureau,  Melbourne;  Hoyal  Academy,  Berlin;  Zoologischer 
Anzeiger,  Leipzig ;  Society  of  Northern  Antiquaries,  Copen- 
hagen; Oesterreichischer  Ingeuieur-  und  Architekten  Vereiu, 
"Wien  ;  Annales  des  Mines,  and  Revue  Politique,  Paris ;  Bor- 
deaux Society  of  Commercial  Geography ;  Royal  Astronom- 
ical Society,  and  Nature,  London;  Mr.  Robert  C.  "Winthrop, 
Boston;  Essex  Institute,  Salem ;  American  Journal  of  Sciences, 
New  Haven;  New  York  Historical  Society ;  American  Chemi- 
cal Society,  N.  Y.  ;  Acarlemy  of  Natural  Sciences,  The 
American,  and  Mr.  Henry  Phillips,  Jr.,  Philadelphia ;  U.  S. 
National  Museum,  and  the  Bureau  of  Education,  Washington ; 
The  Virginias,  Staunton,  Ya.;  and  State  Historical  Society  of 
Wisconsin. 

A  photograph  and  a  phototype  of  the  late  member  Wm, 
Rawle,  Esq.,  were  presented  to  the  Society  by  Mr,  Brooke 
Bawle. 

A  paper  by  Prof  J.  J.  Stevenson,  entitled  "  Notes  on  the 
Laramie  Group  in  the  vicinity  of  Raton,  New  Mexico,"  was 
read  by  title.* 

Mr.  Lewis  read  a  paper  upon  a  new  subst-ance  resembling 
Dopplcrite  found  in  a  peat  bog  near  Scranton.* 
■  A  commuuiciition  was  read  from  Mr.  Lesley  stating  that  he 
had  gone  away  for  two  or  three  months,  and  enclosing  a  report 
upon  the  manner  in  which  he  intended  to,  and  had  already- 
examined  and  partly  copied  the  old  minutes  of  the  Societj. 
Postponed  to  Dec.  16lh. 
•  These  rapors  will  be  printed  In  Vol.  «,  No.  Ul. 
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The  Treasurer's  report  was  read  and  referred  to  the  Finance 
Committee. 

Pending  nominations  Nos.  935  and  946  to  950  inclusive  were 
read. 

Proceedings  of  the  Officers  and  Council  submitted  at  the 
last  meeting,  were  made  special  order  for  next  meeting ;  and 
to  be  placed  on  the  notice  cards. 

On  motion  of  Mr.  Price,  it  was  moved  that  $20,000  addi- 
tional insurance  be  placed  on  the  Library.     Carried. 

And  the  meeting  was  adjourned. 


Stated  Meeting^  December  16,  1881. 

Present,  16  members. 
President,  Mr.  Fbaley,  in  the  chair. 

A  letter  accepting  membership  was  received  from  Mr.  A. 
Eenard,  Conservateur  du  Musee  Royal  d^Histoire  Naturelle  de 
Belgique,  Bruxelle,  dated  Vienna,  Nov.  19,  1881. 

Letters  of  acknowledgment  were  received  from  the  Royal 
Society  of  Edinburgh,  Nov.  15,  1881  (Proc.  107,  108 ;  Trans. 
XV,  3) ;  and  the  Society  of  Antiquaries,  London,  Dec.  1,  1881 
(107,  108 ;  XV,  3). 

Letters  of  envoy  were  received  from  the  Physical  Central 
Observatory,  St.  Petersburg,  Oct.,  1881 ;  Mus^e  Guimet,  Lyon^ 
Nov.  17,  1881 ;  Dr.  G.  M.  Gibson,  1  Randolph  Cliff,  Edin- 
burgh, Nov.,  1881;  Mr.  Edward  Coles,  205  S.  6th  Street, 
Philadelphia,  Nov.  23,  1881,  and  the  Department  of  the  In- 
terior, Washington,  Dec.  12,  1881. 

A  postal  card  requesting  volumes  of  Transactions  published 
since  Volume  XII,  was  received  from  the  University  of  To- 
ronto, dated  Dec.  8,  1881.    Referred  to  the  Secretaries. 

A  letter  from  Mr.  B.  V.  Marsh  was  read,  dated  Dec.  9,  1881, 
tendering  his  resignation  as  Trustee  of  the  Building  Fund.   The 


leedgaation  was  accepted,  and  on  motion  the  thankB  of  the 
Society  were  tendered  to  Mr.  Marsh  for  his  faithful  services. 

Donations  for  the  Library  were  received  froKi  the  BoyiU 
Society  of  Victoria,  Melbourne;  the  Koyal  Prussian  AcaA- 
emy,  Berhn;  Zoologischer  Anzeiger,  Leipsig;  Seocken- 
berg  N"atural  Science  Society,  Frankfurt  a-M.;  B.  Accad- 
I  emia  dei  Lincei,  Rome;  Geographical  Society,  Hcvue  FoUtiqoa 
Rnd  M-  L.  Gruner,  Paris ;  Society  of  Commercial  Geogrnphy, 
Bordeaux;  Journal  nf  Forestry,  Nature,  Nautical  Almanac 
Office,  and  Mr,  C.  ~Wm.  Siemens,  London;  Geo,  A.  Gibeon, 
M.B.,  Edinburgh;  Nova  Scotia  Institute  of  Natural  Science, 
Halifax ;  Museum  of  Comparative  Zoology,  Cambridge ;  V»!e 
College,  New  Haven ;  New  York  Academy  of  Science,  and  th« 
editors  of  "  Science,"  "Health  and  Food,"  and  The  Chetniato' 
and  Druggists'  Bulletin,  New  York;  American  Journal  of 
Pharmacy,  Medical  News,  The  American,  Mr.  Dalton  Dorr, 
Mr.  Henry  Phillips,  Jr.,  and  Mr.  Edward  Coles,  Philadclptut; 
American  Journal  of  Mathematics,  Baltimore;  tJ,  S.  National 
Museum,  Light  Houso  Board  and  Department  of  the  Interior, 
"Washington,  and  the  Virginias,  Staunton,  Va, 

The  death  of  Mr.  W.  Milnor  Roberts  was  announced  by  the 
President. 

On  motion  of  Mr.  Henry  Phillips,  Jr.,  the  President  was  re- 
que.^ted  to  appoint  a  proper  person  to  prepare  an  obituary 
notice  of  Mr.  Rolwrls. 

Mr.  Eli  K.  Price  read  a  description  of  tlic  Rot^kery  on  the 
grounds  of  the  University  at  West  Philadelphia. 
,  Prof.  Cope  presented  two  papers  on  the  geological  explorn- 
tion  of  the  Big  Horn  Region,  with  especial  reference  to  the 
Eocene  period. 

Rev.  Dr.  Boardman  announced  that  he  would  read  a  com- 
mnnication  on  the  history  of  alphabets. 

The  report  of  the  Committee  of  Finance  w;i.s  post[x>ncd  to 
the  nc.Kt  meeting. 

Under  deferred  l)usinc.=s  the  Society  proceeded  to  the  eon.-^id- 
eration  of  tlic  resolution  of  the  Officers  and  Council  to  cele- 
brate the  birthday  of  Franklin. 

.Mr.  Pliini])S  spoke  in  favor  of  ihc  resolution. 
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The  resolution  was  agreed  to,  and  a  Committee  consisting  of 
Mr.  Henry  Phillips,  Jr.,  Mr.  J.  S.  Price,  and  Mr.  Wm.  A.  Ing- 
ham was  appointed  to  attend  to  the  matter. 

A  communication  from  the  Librarian  in  reference  to  print- 
ing the  early  minutes  of  the  Society  was  laid  before  the  So- 
ciety by  the  President. 

Mr.  Price  moved  to  postpone  consideration  of  the  matter  for 
the  present. 

Mr.  Phillips  moved  that  the  suggestion  in  the  Librarian's 
report  in  regard  to  the  MSS.  be  referred  to  a  committee  of  five 
to  report  to  the  Society. 

Mr.  Henry  Phillips,  Jr.,  Dr.  Horn,  Mr.  H.  C.  Lewis,  Dr. 
Brinton,  and  Mr.  Philip  Law  were  appointed  as  Committee. 

The  President  announced  vacancies  in  the  Trusteeship  of 
the  Building  Fund. 

It  was  moved  by  Mr.  Price  that  the  Society  proceed  to  fill 
the  vacancy  in  the  Trustees  of  the  Building  Fund. 

On  motion,  Mr.  Richard  Wood,  Mr.  J.  Sergeant  Price  and 
Mr.  Wm.  V.  McKean  were  elected. 
And  the  meeting  was  adjourned. 
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Stated  Meetings  Held, 
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March  Idth,  1880 1 

AprtlM,1880 li 

April  16th,  1880 16 

May  4th,  1880 35 

May  Slst,  1880. 50 

June  18th,  1880 69 

July  16th,  1880 75 

Aagnst  20th,  1880 83 

Septemher  17th,  1880 107 

October  l8t,  1880     117 

October  15th  to  November  5th,  1880 158  to  158 

November  19th,  1880 191 

December  3d  to  December  17th,  1880 194  to  196 

January  7th,  1881 811 

January  2l8t,  1881 317 

February  4th,  1881 374 

February  18th,  1881 285 

March  4th  to  March  18th,  1881 296  to  290 

April  let,  1881 848 

April  15th,  1881 868 

May  6th,  1881 408 

May  20th,  1881 408 

June  17th,  1881 486 

July  15th  to  September  17th,  1881 481  to  483 

October  7th,  1881 494 

October  21st,  1881 521 

November  4th,  1881 562 

November  18th,  1881 666 

December  2d  to  December  16th,  1881 647  to  649 

Special  meeting  in  the  Hall  of  the  College  of  Physicians,  October  11th,  1880, 
on  the  occasion  of  the  reading  of  an  obituary  notice  of  the  late  President 
of  the  Society,  Dr.  George  B.  Wood,  by  Dr.  Henry  Hart«home 117 


Ne%u  Members  Elected. 
•  Members  who  have  accepted  by  letter,  f  Members  who  have  taken  their  seats. 

fAmes,  Charles  Gordon 218 

t*Barber,  Edwin  A 354 

fBartholow,  Roberts 17 


*Beaulieu,  Paul  Leroy 854 

t*Biddle,  Cadwalader 158 

t*Boardman,  George  Dana 17 

•Butler,  William 354 


♦Carson,  Hampton  L 17 

•Chance,  Henry  Martyn 17 

•Clark,  Alvan 158 

•Dawkins,  William  Boyd 158 

•Doolittle,  C.  L 524 

♦Draper,  Daniel 158 

t^DuBois,  Patterson 15« 


(•MoCftnlcy,  Ea«Krd  T 

I'SIerrifk.  J.  Vnugbn 

•Muiroy.  JaoiM  A.  B 

•rnmeM,  Homco  How-bM  .  , 

. . .   i; 

t*Out«rbrl(lBe.  AleinnOeT  It. Jt 
•PBMotson,  Uarllle  V 

..  m 

•GorrtLKB.  Henry  B. 

-•UrisTOal,  William  WooanuU 

.  .  .   BJX 
.  .  .   3M 

naoBBni,  William  »..Jr.  .  .  , 

Vcmw,  Chiirl(»J„Jr. 

l«Lowl8,  Hanry  Cttrrlll  .... 

. . .  m 

•8h«rpl*«,  Philip  Prlew .... 

•Slallo.  J.  B 

•Tbompaon,  WlIllkiD 

.  » 

t'WnrM.  CbAtlB*  SMWkK .  .  . 

Durattd. 

Mtmbin 

HoeupeT,  William  ThMHlore .  . 

Bohlmiwr.O.  P 

'.'.'.  m, 

Johnston,  John 

Wa«ner,  John  Rudolpb  Vrm  . . 
WMhburne,  E.  A 

.    n 

MnrlBtM  1-Mhtt,  AuBiuil*  . .  . 

.   .   .    2*1 

•HVbnrtoi..  HHntj- 

Wllcocks,  Alexander 

R/iipitd. 

Mtmbtrs 

Ob 

luaiy  No 

■o  RobinST 

el  G.  Brl 
H|>».Jr.. 

Uf!  Ktad  „f 

Snmuel.s.ll,i1deninn.'by  D»n 
PetvvMcCHtl,  by  Henry  Ph 
John  Selll,  by  Daniel  G.  BrI 
Gl-ornto  B.  Wood,  by  Henry  U 

Pholog 

nton 109.  HI, 

iw. 

KMT» 

mlshorne 
-aph,  of 
...     ~,h 

ftmheri  Rrctivid. 

R«„d,Be„J.n.[n  Howard... 

■       ■   *■' 

*,  OblCiinry  iiollce  to  be  iirej 
*:Tli1,swlllbcpl-lnIedin  Vo 

•urud  by  M 

r.  Jumes  B.  Townsend. 

655 

Diplomas  Received  and  Acknowledged  by  J*age. 


Airy,  George  Biddle 481 

Akerman,  A 285 

Armstrong,  U.  G 275 

Baumbauer,  £.  H.  Von 275 


Ericsson,  J 4U8 

Geikie.    James 298 

Peters,  C.  H.  F 436 

Thomson,  William 275 


Pending  Nominations  Read, 

808  to  908 3, 16, 17 

904 3, 15, 17,  27,  62, 76, 117, 167 

906  to  908 3, 15, 17,  27 

9U9  to  919 15, 17,  27,  62,  76, 117, 157,  160, 192, 195,  218 

980  to  928 76, 117, 157, 160, 192, 195,  218 

927  to  938 287,298,300,352 

984  to  945 409,438.482,483,498,623,667,640 

946  to  950 567,049 

Societies  and  Joufnals  placed  on  the  List  of  Correspondents, 

Haverford,  Penn.    Haverford  College 17 

Helsinglors.    Suci^t^  Zoologique  et  Botunique  de  Flnlande 159 

Lyons.    Mus^e  Guimct 352 

Mexico.    Cbapultepec  Observatory 566 

St.  Petersburg.    Physical  Section  of  the  Ch.  Phys.  Soo.  Imp.  University  .  .   853 
Vermont  Historical  Society 298 

Communications, 

ASHBUBNEB,  ChAS.  A. 

Geological  Section  at  St.  Mary's,  Elk  county,  Penn 300,337 

Bbinton,  Daniel  G. 

Obituary  Notice  of  Samuel  S.  Haldeman 109, 117,  275,  279 

Obituary  Notice  of  John  Neiil 1(50, 161 

The  Names  of  the  Gods  in  the  Kiche  Myths,  Central  America  .  563,  567, 613 

Chase,  Pliny  Eable. 

Nodal  estimate  of  the  Velocity  of  Light.    (Astronomical  approxima- 
tions   IV) 3,  4 

Coraetary  Paraboloids.    (Astron.  Api)rox.  V) 17, 18 

Cosmical  Dctcrmiuatiuti  of  Joule*s  Equivalent.    (Astron.  Approx. 

VI) 17,  20 

Kelations  of  Chemical  Affinity  to  Luminous  and  CoHniical  Energies  .  17,  21 
List  of  Papers  communicat^id  to  tliu  American  Philonophical  So- 
ciety by  P.  E.  Cliase 160, 184 

Photodyiiamics 211,  203 

Photodynamic  Notes      I 262 

»•  "         II 854 

"       III 438,  446 

'♦  "        IV 566, 567 

Cope.  E.  D. 

Contribution  to  the  History  of  the  Vcrtebi*ata  of  the  Permian  Forma- 
tion of  Texas 27,  38 

On  Certain  Tertiary  Strata  of  the  Great  Basin 60 

On  the  Genera  of  Creodont4i 76 

On  the  Vertebrataof  the  Wind  Itiver  Eocene  beds  of  Wyoming  ....    195 

[Withdniwn.    See  page  197]. 

The  Systematic  Arrangement  ol  the  Oi-der  Perissodactyla 363,  877 

N<»te  on  the  Structure  of  the  Posterior  Foot  of  Toxodon 408 


^^^K            Two  papers  on  the  Gc(ilo)(lokl  ExplonUom  o[  Uia  Big  Uurn  SaiUm .  .  a 
^^K  <  Chance.  H.  H. 

lie 

^^H>   Gbeehb.  Wu.  H. 

^^^             On  the  Action  of  Hjdrochlorto  Add  »n<l  Clilorliio  on  AwwibeDH 

^^^^     Eartshokhe,  Henst. 

Heath.  E.  R. 

Exploration  of  tha  Elver  Bene.  uiH  tlie  fallbaito  unl^xplon4  mtUtat 

^^^B      BoRK,  OeohgeH. 

,  IAI> 

^^^B                Crlltcta  Kotea  on  the  Speolee  Of  Selonopliorua  of  the  Unltad  StaUai, 
^^^H     JosEa.  HOWAKO  GUAKT. 

^^B     KntxwooD,  Da3(ibl. 

ESxia,  QEonoE  A. 

On  AlHskallc,  a  new  aiBmbtr  Irom  the  sprk>«i  of  UltiQintli  Snlph" 

Lbslev,  J.  p. 

Sotosonan  Egyptian  Element  in  the  N«ineeoftlio  Hebrew  Ktnga, 

una  lU  bRBrIng  on  the  UUtorj'  of  the  Elodua Si.  W 

>~ot«  on  B  lireco- Egyptian  Etymology  of  laccliog. 11< 

Lesquereux,  Lf,0. 

OnaCoursde  Dotanlque  Fossil e,  by  Prof.  M.  B,  Reaault t».V! 

Lbwib,  Hesbt  Cabvill. 

On  a  new  aubsl&nce  reaembllng  Dopplerlt«  found  In  a,  praU  bog  d«u 

McCaulet,  e.  y. 

Alphabet  anil  ayllabary  of  the  Egyptian  Lansnagi^ 12 

Newhkruy,  J.  8. 

On  lbs  Origin  and  Drainage  of  the  Great  Laketi.* M.X 

PATTEnSON,    KOBEKT. 

Obituary  Nollou  Of  William  E.  DuBols* 49;.M1)K 

Phili.ifs,  Hesrv,  Jr. 

Au  Account  of  two  Maps  of  America  pabllBbed  respectively  to  ISH 
Borne  recent  DIscoverleH  of  Stone  iDiplements  In  Africa  and  Aala  .  ,  »  O 

•Tliese  paperB  will  be  publlslicd  In  No.  Ill,  Vol.  xx. 

f  ThlB  iMiper  will  be  publlalied  separately  oa  No.  IW,  Vol.  ix. 
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PhilLIFS,  Hbnby,  Jb.  Page. 

On  oertain  old  Almanacs  published  in  Philadelphia  between  1705 

and  1744 886, 291 

Obituary  Notice  of  Peter  McCaU 160, 211, 213 

Pbice,  Eli  K. 

On  the  Bockery  on  the  Grounds  of  the  University  at  West  Philadel- 
phia*  660 

BOBIirSON,  MONCUBE. 

Obituary  Notice  of  Michel  Cheralier 27, 28 

8PENCEB,  J.  W. 

Discovery  of  the  Preglacial  Outlet  of  the  Basin  of  Lake  Erie  into  that 

of  Lake  Ontario ;  with  Notes  of  the  Origin  of  our  Lower  Lakes .  .  300 

Stevenson,  J.  J. 

Notes  respecting  a  Re-eroded  Channel -way 83, 84 

Notes  on  the  Geology  ol  Wise,  Lee  and  Scott  counties,  Virginia ...  83,  88 
A  Geological  Reconnaissance  of  parts  of  Lee,  Wise,  Scott  and 

Washington  counties,  Vii*ginia 217, 219 

The  Upper  Freeport  Coal  Bed  along  Laurel   Ridge  in  Preston 

county,  Virginia 275,276 

Notes  on  the  Quinnlmont  Coal  Group  in  Mercer  county.  West  Vir- 
ginia, and  Tazewell  county,  Virginia 497,  496 

Notes  on  the  Coal  Field  near  Cafion  City,  Colorado 497,505 

Notes  on  the  Laramie  Group  in  the  vicinity  of  Raton,  New  Mexico* .  .  648 

Stowell,  T.  B. 

The  Vague  Nerve  in  the  Domestic  Cat,  Feli*  dome9tiea* 482 

White,  I.  C. 

Notes  on  the  Place  of  the  Sharon  Conglomerate  in  the  Palaeozoic 

Series 198 

Notes  on  the  Geology  of  West  Virginia 437,  438 

WlLDEB,  BUBT  G. 

On  the  Brain  ot  the  Cat,  Fells  Domestica.    I.  Preliminary  Account 

of  the  Gross  Anatomy.    With  four  plates 482,524 

Vfrbal  and  Short  Communications ^  Exhibits,  &*c. 

ASHBUBNEB,  C.  A. 

Suite  of  Maps  of  one  of  the  British  Coalfields 404 

Modelof  a  part  of  the  Middle  Anthracite  Coal  Field 192 

MS.  Map  of  part  of  the  Mahanoy  and  Shenandoah  Anthracite  basins  in 

Schuylkill  county 180 

Babkeb,  Geobge  F. 

On  the  photographing  of  the  Nebula  of  Oiion.    Letter  ttonx  Dr.  Uenry 

Draper 158 

BiLLEN,  ChAS.  E. 

Model  of  the  Stone  Mt.  Fault .   Itt 

Model  of  the  Seven  31  ts.  in  Middle  Pennsylvania Ittt 

Blodget,  Lobin. 

Certain  features  of  Industrial  Mlgititlons  as  shown  in  the  Manufkc- 
tures  of  Philadelphia 70 

Chance,  H.  M. 

Printed  sheet  of  oil  well  sections  and  profllo  colored 180 

•  These  papers  will  be  published  in  No.  HI,  Vol.  xx. 
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Chase,  P.  E.                                                                                           Page, 
Spectrum  line  F,  and  other  lines  and  data  ..» 453 

COGLIEVINA,  D. 

Drawing  and  description  of  his  improved  *'Centigrad  Photometer.    .  .  3S3 

Cope,  E.  D. 

Lower  Jaw  of  Bachyopsis  hiscldens 197 

Lower  Jaw  of  Trilsodon  quiverensls  firom  New  Mexico 497 

t  Ptllodus  medlffivus  [Tooth]  from  the  Lower  Eocene  of  New  Mexico  .  •  496 

DuBois,  Wm.  E. 
I  Engraved  disk  found  in  Guatamala. • 191 

Fontaine,  "W.  M. 

Saltvllle  Valley  and  Fault » 849,  350 

Frazer,  Persifor. 
I  Coins ;  and  specimens  of  granite  and  cement,  &c.,  used  by  the  Egyp* 

tians  in  erecting  the  Obelisk  now  in  New  York 404 

Hall,  Chas.  E. 

!  Geological  casts  belonging  to  the  State  Geological  Survey 17 

Hand-coloi-edpi-lntedMapof  thePhiladelpliiabelt 160 

Harden,  E.  B.  and  O.  B. 

I  Two  Models  in  Plaster  of  parts  of  Blair  county,  Penn  .^ 352 

Contour  Map  of  the  Bald  Eagle  mountain,  and  Birmingham  hills  in 
I  Blair  and  Huntingdon  county,  Penn 523 

I  Haupt,  Louis  M. 

!  Fragments  ot  Terra  Cotta  from  the  Northern  Pacific  R,  R 523 

8j)cclmens  ot  Silieifled  Wood r)'2-2 

Koxici,  (Jeo.  a. 

Sp(M*lniens  of  Sliver  Ore  from  near  Ouray  ill  Colonulo li.»o 

Keinurks  on  Dr.  I'.F,  KcinseirH  reoeiil  Platcijof  the  Microscopic  Lithol- 

o>^y  of  Anthracite  uiKl  other  coals 'S:\Z 

LfX'ontk.  John  L. 

Knnark^  on  Trof.  Sainucl  S.  llahlenian ](/,» 

Lkslky,   J.   P. 

Kxtract.s  from  a  Letter  of  l*rof.  Les<inereux ]r, 

Sphinx  name  of  the  Solar  Disc lid 

Virginia  Faults 15;» 

Vahmtiui's  Investigation  of  the  .  .  .  Fabrication    of    Landa's    Mayan 

Alpliabt't \y.\ 

Shells  louml  at  Saltvllle  hy  Mr.  II.  C.  Lewis i:»5 

Friute<l  slu^ot  of  oil  wt'll  seelioiis  ami  prollle  colored 16<> 

Hrcenfly  executed  works  of  the  iM!olou:i<'al  Survev 100 

M.S.  .Map  of  part  of  tln'   Mahanoy  aud  Shenandoah  Anthracite  basins 

ill  Schuylkill  ei)unti\'.     Ily  Mr.  Ashburuer  and  Mr.  Sheafer 160 

Model  of  the  Stone  Mt.  Fault,  by  (has.  K.  Hillen li+2 

Model  of  a  part  of  the  Middle  Anthracite  Coal  Field,   by  Chas.  A.  Asli- 

buiiier Yyi 

Model  of  the  Seven  mountains  In  Middle  Pennsylvania,  by  Chas.  E. 

Billen j«»o 

Notes  OM  the  Moilels  exhibited  jit  the  Meetin«r  Nov,  ]'.> pjj 

Extracts  fiom  a  Lettei-  trom  Mr.  And.  S.  McCreath,  giving  an  analysis 

of  a  ]>ure  Dolomite I97 

Index  (jauge  consiiucted  by  MeNwrs.  Young,  of  Fliiladelphia liis 
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Lesley,  J.  P.  Page. 

.     On  the  »*  Notes,  Ac,"  of  Prof.  White 202 

'"rof.  Spencer's  discovery  of  a  Bui*led  Channel 212 

vlored  Model  of  the  Preglacial  Channel  of  the  CIai*ion  River,  Penn . .  212 
'  'Colored  Geological  Map  of  Scott.  Russell  and   Tazewell  counties, 

Tirginia 212 

Small  Map  of  Pennsylvania,  colored  to  show  the  progress  of  the  Geo- 
logical Survey  since  1874 212 

On  Prof.  Fontaine's  paper  respecting  the  Saltville  Fault 349 

Translation  of  the  Lord's  Prayer  into  Egyptian  hieroglyphics,  by  Com. 

E.  Y.  McCauIey 409 

Contour  Map  of  the  Bald  Eagle  mountain,  and  Birmingham  hills,  in 

Blair  and  Huntingdon  counties,  made  by  £.  B.  and  O.  B.  Hanlen,  528 
Excavations  at  Assos 5ti7 

Lesquereux,  Leo, 

Extracts  from  a  letter  ot 16 

Ma^iSfield,  J.  F. 

Drawing  of  a  fine  fossil  Euryptcrus 351,352 

McCaui.ey,  E.  Y. 

Translation  of  the  Lord's  Prayer  into  Egyptian  hieroglyphics 409 

McCreath  And.  S. 

Analysisof  a  pure  Dolomite 107 

Phillips,  Henry,  Jr. 

On  a  New  Dictionary  of  the  English  Language (<4 

Shearer,  A.  W. 

MS.  Map  of  part  of  the  Mahanoy  and  Shenandoah  Anthracite  basins 

in  Schuylkill  county,  by  Ashburner  and  Sheater l(io 

Seidensticker,  O. 

Amusing  Specimen  of  English  Poetry 153 

Stevenson,  John  J. 

Colored  MS.  Map  of  parts  of  Lee,  Wise  and  Scott  counties,  Virginia,  212,  219 

Wright,  Harrison. 

Permian  Shells.    Extract  of  Letters 212 

Regular  Business, 

Annual  Election  of  Officers 212 

Minutes  of  Board  of  Officers  anil  Council  read 62,  286,  409,  667.  649 

Llbi-arian  Elected 217 

Standing  Committees  Elected 217 

Elections  of  Members  postponed 76,  482 

List  of  Surviving  Members.     Reading  Postponed 218 

Finance  Committee  Reports 198,  823,  660 

On  printing  certain  Communications 498 

Concerning  certain  Uninvested  Funds 623 

Treasurer's  Report. 196,  649 

Additional  Insurance  on  the  Library 649 

Appropriations  Passed 198 

Trustees  of  the  Building  Fund  Report 196 

Resignation  of  Mr.  B.  V.  Marsh .  .   649 

Election  ol  Members  to  fill  the  Vacancies 661 
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<i  Msgollinlc  I'rvmliini  .... 

iclonslns  lo  111*  fopteij 

I-  Blrthduy  «r  rraiikllii;  anil  Om- 

iiilttec  Bii|>olnicd ,      n 

•ubIlrBllmi  Cotnm 

IIt>Iii>rt  oil  11  piBMB  or  frot.  S.  B.  Hkldeinnn'B  If«fn»tr  In  Uw 

AuUiarlxeil  lo  Isaue  the  Anioles  published  In  Ibe  Society  w 

TUtel)'  or  toiteLber,  i 
Report  In  ftror  ut  ExdIibukm  witli  thp  MniCe  Ualmet.  Lfcnia . 
_  Apiiroprlatlou  for  an  Ulualmtlon  for  Mr.  Aabliaroer's  PKper  on  Oil  Uait ,  . 

Hlotinux  Leguoy  Couimltloc  Keport >■ 

Quanerly  Inmraet n.niM.TIMA 

Lettei'  rrom  Drexcl,  Hucjls  A  Co., 
Sew  TranscrlpUoa  I    " 

Appropi-tntloii  for  Prof.  Bothro«lc'B  Leotttroa 

Uopyofthe  Ponraltof  Mloluui ^tl.tt 

Fhotogrnplic  taken  rroiu  Uie  Fortimlt 


L'omiiilltd.'  on  MugBllunic  PrlKc  Essay  . 

Ciiiuiiilttei'  Report  on  Cod 

Motion  Id  regmrd  to 

Bmiolutlons  on  the  PnaenlBitlon  ot  HMIeli  to  Siotattle  Dlaomcren.  W 
Centennial  Anniversary  or  tlie  InooTiionitlon  ofttie  Society.     Putillauloii  of 

ProoeeilCngs J 

Centennbil  Celirbmllon  01  the  Anierlcaii  Actwlemy  of  Ai-b  an<l  Sclciicn. 

Boston.    Delpgule9U|:poln<c(l,  .tc 3.1.  ll.;;,r. 

L'fleof  tliuHall  tenilered  to  the  American  PhllolORlcat  Asaoclutlon li 

tteportol  ttaeLlbnrlan  on  tliK  Early  MIniiKs  of  tbe  Society,  Ac. .  .  .  .  S4S.<SI 

Obltunty  Notice  of  Dr.  Geo,  B.  Wood.    1000  Extra  Copies  ordereJ UT 

Portrait  of  Dr.  Geo.  B.  Wood  ordired  to  be  made  for  the  Society i"' 

Murtln's  Porti-altof  Franklin.    The  making  of  a  copy  allowed lit 

Curators  authorized  to  df  posit  the  Stone  RpI lea.  presented  by  Prof.  Halde- 

man  to  the  Society,  In  the  Acadeiuv  ot  Natural  Sciences I»i 

M38.  belonging  to  tbe  Society  ordered  to  be  placed  la  the  custody  of  t  bv  Pi- 

ilellty  Trust  and  Safe  Deposit  Company K 

Uepwdtof  Prof.  J.  F.  Frazer'B  Portrait Mi 

Keeommcndatlon  ol  Ihe  Society  that  J.  E.  Hllgard  be  apiKilnled  Superin- 
tendent of  the  Coast  and  Geodetic  Survey  of  the  U.  S 1* 

Pennlulon  granted  to  Major  Jed.  Hotchklsato  use  a  vood.eul .  iv 

Permiaslon  granted  to  Prol,  Rloharda  to  Imrrow  three  rolumes  of  Bouillon.  !*■ 
Secreury  autboHxed  to  furnish  Mr.  Henry  i'hlUlps,  Jr.,  with  an  iQtroduc 

tnry  Letter  to  Foreign  CorrespondentB It- 

Thankiiof  theSncietyolTered  to  Mr.  1).  S.  Holman (M 

Thanks  of  the  Society  otfired  to  Lieut.  Com.  Gorrlnge <« 

So.  lOS  of  the  Proceedings  eililhlled IS 

Change  In  the  By  .Lava.    Resolutions lie.  1!D 

S/-eiia/  Donations. 

Portrait 01  M,  Fraui;ols  Andi-*  MIchaux i 

Box  of  Indian  FIlutH W 

A  copy  nt  Ihe  Orlglu.il  Photograph  of  the  Kebula  In  Orion 1* 

Two  pli-ci'9  of  Slag  from  the  -lie  of  Ihe  earliest  Iron  Furnace  In  Virginia  .  .   1": 

A  Ceriltlnite  of  McinberBhlp  of  John  Lukens l*' 

Pli'ceur  the  Cog.wheel  of  the  old  Independence  Hall  Clock « 
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Correspondence.  Page, 

A-Tnstroiig  &  Co.,  New  York  (American  Catalogue) 496 

Adiflemy  of  Natural  Sciences,  Philadelphia  (Deposit  of  Indian  Relics) .  .  .  848 

Albany  Institute 211 

American  Chemical  Society 75 

American  Inntltnte  of  Mining  Engineers S98 

American  Philological  Association 75 

Barber,  B.  A «85 

Biddle,  John  (on  some  early  members) 109 

Cambridge  PhllOi^ophical  Society 275 

Census  Bnreau.    Circular 217 

Cincinnati  Public  LibraiT     09 

Cornell  University,  Ithaca,  N.  Y 64H 

Da  Coste,  Jacob  M 488 

Dawson,  H.  B 196 

Diney,  B.  B 83 

Domville,  James  (on  behalf  of  the  burnt  Library  of  St.  John,  New  Brunswick)  14 

Dresden.    Vercin  far  Brdkunde 26 

Falnnount  Park  Coniniissioners 

Finlande.    Socl^t4  Zo61ogique  et  Botanlque  de .  Helsingfors 159 

Haldeman,  Mrs 104 

Hilgard,  J.  E.  (Concerning  the  life  of  C.  P.  Patterson,  a  late  member,)  ^  .  .  622 

Kraus,  Chas 59 

Muoni,  Damiano 848 

Mns^^  Guimct,  Lyons 211 

Paris.    Soci6t6  d^ Anthropologic.    (Paul  Broca  Monument.) 275 

Peabo<ly  Academy  of  Science,  Salem 196 

Philadelphia.    Academy  Natural  Sciences 848 

Philadelphia.    Historical  Society.     (Deposit  of    Historical  Doeumcnts  re- 
quested.)   2{»9 

PhlladelphiH.    Numismatic  and  Antiquarian  Society 275 

Prince  Edward  Island  Historical  Society,  Charlottetown 648 

Kemsen,  Ira 117 

Rhode  Island  Historical  Society 285 

Smithsonhm  Institution 09 

Sylvester,  J.  J 4a'{ 

United  States  Naval  Observatory,  Washington 59 

I'nlvei-slty  of  Toronto 649 

Vermont  Historical  Society 298 

Vienna  Meteorological  Institute 4WJ 

Whitney.  W.  I) 488 


Extract  from  the  By-Laws. 

ciiArrKH  xii. 

l)F  TIIK  MAOKIJ.ANrC  UNI). 

SKfTioN  1.  John  Hyiicinth  df  Msii^i'llnii,  in  London,  liaving  in  the  year 
17W  otVcn-d  to  the  Society,  as  i\  donation,  tliesuni  »>t'two  innulrcd  guinca>. 
to  be  by  them  invested  in  u  secure  and  pernmnont  fund,  to  the  end  tiiat  tlie 
interest  nrisinij  th<Tefrom  shouhl  he  annually  <lispos«'«l  <it'  in  pn*niiunis  to 
be  adjudired  hyllieni,  to  the  author  oft  he  best  discovery,  ornio»t  useful  in- 
vention, relaiin;,;  to  Navigali«)n.  Astronmny,  or  Natural  Piiilosnphy  (ineri- 
natunil  history  only  excepted)  ;  ancl  the  Society  having  accepted  of  liie 
Hbc)ve  donation,  they  hereby  pnhlish  tiie  condiii(»ns.  prescrilM:d  hy  tin* 
tlonor  and  agreed  to  hy  the  Society,  upon  which  the  said  annual  premiums 
Avill  be  awarded. 

(OM)ITIONS   OF    THK   MA(;KLI.ANI<-   PKUMirM. 

1.  The  candidate  shall  st-nd  his  dicovery,  invention  or  improvement. 
acbln?ssed  to  the  Pri*>ident  or  one  of  the  Viee-I*re>idents  ot  the  S«.j(i'*ty, 
free  of  j^osiage  or  other  charL'es  ;  and  shall  di«;tinj:uish  ills  pertbrmau'-e  hy 
some  motto,  (h.-\ie»-.  or  other  signature,  at  iii-  plea^iin-.  ToLfrilirT  with 
his  discovery,  inv«.-ntion,  or  improvcnnmt,  h<.'  >liall  al-o  si.-nd  a  -e:di;d  h":er 
CiMitaining  thi^  same  m«itto.  di-vici-,  or '•ignalure.  and  -iih>erihi'd  wirl.  tin- 
real  name  and  plaer  uf  re-td».ii(r;  of  the  auriior. 

'2.  I'er^ons  of  anv  nation,  -•■rt  or  denomination  what«'Vi-r  -iiall  !■':  ai- 
milted  a«;  candii'iaT*--  fur  thi^  premium. 

:V  Xo  di-eov»Tv,  invi-ntiiin  or  improvfiui.-nr  -hall  1m-  i-ntirl-l  rn  t]i:- 
premium  \\  Iii'-li  hath  1.m'»ti  rili'Mdy  pnbli-h'Mi.  »»r  f'ir  whirii  tlii-  ar.rli.ir 
hath  he<:n  puMirly  p'ward»rd  »•!-•-«  li'-re. 

4.  Tii«-  eandi  l.iN-  '•Iri'.I  i-iiii\iiiiinii  a:»-  hi-  «li-iiv.  •  rv.  iii'  »-n*!"ii  "T  iiui-r'-vf- 
ni*Mit.  f-[;U«:r  in  thr  IC;i:.'li-li.  Fr'-n-li.  K'rrni.tji.  "r  La'in  i.in.".iij.-. 

o.    All    -iH.li  riiii,i]ii;;ii(a!i«iii>.   -hall    !■■■  i>'l^il!«l\    r»  a-l    '-r --xiril'ir'-d   •i.-ji' 
Sc»cii:'y  ar  -•iMi--  -T.i'.-l  ij,'-«:";nj.  jj'-r   !'■-- riM'i  <■•)►■  !ii--i;*li  p."-' ;■■■;-•.■ 'iif 

•lay '.f  :i'!;':'l:«  a-i'jii.  and   'iiiU  a:   jI!    Vn:---  ' -.•■r.    :■•   'l;'-   !::-!■•■(■.'.■■:;■  ' 

surh  i;i'  [.••'♦•r-  i-  -li.j'.i  d-'-ir-;  i'  Iii".'  :!■■  1u>:m! -r  -iriil  * -.irry  i:  -i:!--  ■.»:"'. 
him  '.le-  '"ii;:.!.!;.;-  iT;.,!;.  -l-  -.t!!'- i'-a.  'T  m-i-!'-].  ■■\f  «-i.t  -h-  •■rl>  -■»•  '"  "v  i;  ■:;» 
it  -haii  ■•♦•  -i/i'  .-■■■;  .  :i  -r  -ii:iK  -  :■  li  ':!!■. i-r  \':\r  -vi'li  tii.-  -anii-  •■  ;*  ■■r'  iii- 
;':i-.  :*  J  -V'l;!  t!  -.r-l.-r  "T"  '!.'•  *•«:«  :••'>■  t^-r  "ha*  jiiiri'«.-<-. 
"■'i-'v.  lia-.  ■!!  I  :.!'"\  !■■  i-!\  r-f--:*r'-«l  -li-- -•  ^-Tal  •'■.!, ,iii'.n:«  aii-r:- 
'  ;.:''•-  :"■■;•  "ii'-  iii-Li::  ;i!..  'I;-  i;  ■!';-«-n'li:iL:.  ■"  'u--  ."«  n-'d'-ra::--!!  «■.♦' 
■•.:.-■'.]■>':'  1:1-:  •■i!i--i''  nl' ••/- -'t''!.-- >•!»■;. ■■_'..  and  h.iy'.::i  r--' '  r  rt\ 
•*  •;.  •■'  ■:,  -\::\'.'..  i-  -.iii-  ■■;  :!.-■>  -'ar.-il  :ii'M--in:;:>  :n  Mif  iin-n'!!  of 
.  :  ...  .  :  ■  .  il  ■■:  ''■.•■  •■\.-:''\']--'\  '-r'  'ii!-  •  !.rri"ii'  v^ar  "n'  'h'-  'iit.f: 
•■_■■•■..■' "v  !v.  ■:.•    ;'T."|i 'i'.ar -.•  .  a.-i'.!j    -f 'xliiili  ivji'i-Mn  J  dii"  ij*-- 

!'    .•!'    i.'-i\    ■■•"    iitii'lii     idv.rr  ^i-iiif-n' I  T'T'iM-Hd   ti,  r^.nai 

.    ■•:"  ■-.     -  i!!  vr'-rr.iiiiji  .  l;^^  ;if:»-r  du*:  ••on-'idi.-riTion  had.  i  '.oTe 

■     .ii\"-,    iri  'ii;-  ■.Mi"-:iiiri.  '.!/.:  ^Viu:f li«T  anv  of  flu-  rr.mmuniea- 

.  .■;  ■;■  !:. -i'l-ciii.ii  'ni  '.v.-rriiy  <»f  Mie  profio«»#Ml  premium?     It  thin 

,1-  'l-'.-niiii^i-d  in  ihf.  n«-g:i»ivr^.  rhri  whole  hutsines.4  '•iiall  be  de- 

f-rr-il    ii!  ir.'iiiirr  yciir  :  hur  it  in  rht-  alfimiative.  the  Society  skall  proceed 
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parniivj*  MUTil<  t»f  tin-  ^<-vfr.il  iluiin^  llwn  iiiwlrr  con-i  1«  i-.jii.'i;. 
jiul^iliiH'nt.  or  nlvc  Iii<  vole  in  nwanlirjir  I  In*  .-aid  prnniujn. 

S.   A  full  :nM'ouu1  (»r  till'  (•r«)\viHMl  vuliji-c;  ..hull   In-  |n»l»li-lii-. 
ri«'tv.  as  Mum  a<  iiiav  lu-  afnT  the  ailiiulication,  ciiluT  in  a   -•  !• 
i-atinn,  <»r  in  the  iH*\t  <n(«-«MMlin«r  vdIuiuc  of  tluir  Traii-»a«Mi.T>-. 

0.  Tlic  ini>iiri';'^^i'ul  pi'rforinaiicf-  shall  roiuain  un«h'r<'«ni  id' 
tln'ir  authors  hi*  (•j)iisiih'r»Ml  a**  cainliilali'-  for  th«'  nmniinn  !'•»; 
next  >iUM((Mlinir  the  tiiiu' »»f  tlu'ir  pn'-t'iilnn!it  ;  i'\c«'pi  -m-ii  ;m 
■1^  thrir  ;mihor>  niav,  in  the  iiUMiiiiinr.  think  fit  t«»  witli'lnw 
i^ofioty  «^h:lil  aiiimally  pahli-sii  an  ah'tra*-!  ot  ih"  titles,  t*]*]-  .  \ 
!uatlrr  of  iln'  coinniinrHaiioii^,  -o  iimh-r  «-on>iihratioii  .  -ticliMi 
iv  tlu'  S«)ci«Mv  shall  think  n<)l  \vi»rlliv  of  piihlic  noiirr. 

in.  Tin*  l.'thMS  conlMininiT  tlw  nain<-.'  t»f  :Mithi»r>  \vh'»-«'  i«. 
.-'hall  \u-  r<-i«M'tiMl,  i»r  w  Iii«h  -hall  Im-  louiul  un-ncM-rsvfn]  ;itnr  ;». 
yi'ar^.  shall  In*  hurnt  lu-forr  tlu'  Socii'iy,  without  hr"akin:i  ilj" 

II     In  i-'A-^ii  tln-n:  -Imiilil  Immi  lailun-.  in  anv  vrar.  «»f  anv  'o:! 

\v»i    \\\  of  »hr  propos.i-,1  prcniiuni,  thnr  will  tht.Mi  lu-  two  pii 

•i\\:ir«l'-l  tin*  ni*\i  y»  ir.      Hut   no  acfir.nulalion  «)f  pn  uiinn-   • 

•h-   M'i'lior  to  ujMn*  ih  in  tun-  prmiiuni  f«»r  anv  onr  «li.-«ovi!v 

•  •  • 

"nipii»vr  in«*n;. 

i'J.  Tin-  prmiiuni  .-hall  (••m.-i'^t  ot':in  j»val  pliti'  »»f  >oii.;  -!-.ji 
Jh«'  x.ihn-  i»f '"H  ::iiin«M-.  On  on?'  -i-h*  tlun'of  -hall  h;'  n«:{;;\ 
-ln»n  l.:i!in  lu'.Mio  .ui:i«i  lt>  ilir  nrc.i'.iMn.  tMLi.'ihrr  wlih  iht'  \\«i 
i*n"u"MMi  \>\'  .l"»h!i  Hyacinth  «.h'  .Majilkin.  <ff  ,'.t»n']«»n.  ♦•-•  li-i 
vi-ar   ll""i'».''    and  «»m   ihf   oih'T -idi*  mI*   'h*'   i)l:i»«-  -iiall    h"  .-m 

\\«»rd<-.  ••  Awarded  liv  ihi' A    1*.  S.  inr  tlw  di-«-n\  .-rv  nf A 

And  tin- -".i!  «•!' ih«' S  ii-i-iy  shall  lM'ann(-\"d  to  the  iinMial  1>\  a 
in-j;  thr-'U-jh  a  -mall  Imh-  at  the  lowrr  oi\ii.r  lln-n-ot". 

M.<  ii«»N'-.  'I'll''  Manillanir- fund  «)f  two  huuilit'd  i:i»i»ji  a-  -1 
-ii!"!vd  a-  :«n  liundr-d  ami  lifiy  dollar-,  aiitl  <ii.i!l   l-:-  i:i\.  ,'i 

iVi .".I  1 1'  111-!"  Iii'iii^  I II  lull  'ill '•   til  III'  II lull'-.'  1  hi'  i-:iri-  t,"         .  <• ..  !    • » 
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